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Following thymectomy in a number of species, severe impairment of  
both the humoral and cell-mediated immune responses are observed.
These immunological impairments are a t t r ibu ted  to the absence of 
thymus-derived lymphocytes ( T - c e l ls ) .  The role of the thymus in the 
development of immunological responsiveness and the function of T- 
c e l ls  in Syrian hamsters have not been extensively studied. T -ce l l  
depletion was accomplished through neonatal thymectomy (NTx) and adult  
thymectomy followed by i r ra d ia t io n  and repopulation with bone marrow 
c e l ls  (ATxIR)
Approximately two thirds of the neonatally thymectomized hamsters 
(Tx-nonresponders ) f a i le d  to e l i c i t  a detectable Ab response a f te r  
challenge with f iv e  ug of hen egg albumin (HEA) in complete Freund's 
adjuvant (CFA). This abrogated anti-HEA response was evident in both 
the IgGi and IgGy classes of  7S-gamma globulins. The remaining neo­
natal ly  thymectomized animals (Tx-responders) demonstrated near normal 
anti-HEA responses. These animals therefore possessed some degree of  
T -c e l l  immunity suggesting that neonatal thymectomy does not consistently  
y ie ld  T -c e l l  depleted animals. All ATxIR hamsters demonstrated no 
detectable anti-HEA response. These results indicated that T -ce l ls  
were necessary for an anti-HEA response in Syrian hamsters.
The a l lo g r a f t  response of  T -ce l l  depleted animals was determined 
with skin gra f ts  from the CB inbred s tra in  of hamsters. Approxi­
mately 88 percent of neonatally thymectomized hamsters rejected  
allogeneic skin g ra f ts .  These animals included both AB-responder and 
nonresponder animals suggesting that an a l lo g ra f t  response was very 
d i f f i c u l t  to suppress by neonatal thymectomy. ATxIR animals accepted 
a l lo g r a f t s ,  suggesting a greater degree of T-ce l l  depletion.
The p r o l i f e r a t i v e  response of lymph node ce l ls  to the T -ce l l  mito­
gens, ConA and PHA, and the B-cell  mitogen, LPS, was measured in a 
small percentage of  thymectomized hamsters. Tx-responder, Tx- 
nonresponder, and Tx-nonresponder, nonrejector animals demonstrated 
normal or near normal responses to ConA and PHA. The mitogenic 
response to LPS was normal in a l l  animals. The mitogen responses of 
ATxIR hamsters were not determined. These results indicated that  
ConA- and PHA-reactive ce l ls  were present in a l l  thymectomized animals. 
However, these mitogen reactive ce l ls  do not appear to function as 
helper c e l ls  in an Ab response or in the i n i t i a t i o n  of  a DTH response.
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Chapter 1 
INTRODUCTION 
H is tor ica l  Overview
Observations in the la te  nineteenth and ear ly  twentieth cen­
tur ies  on animals thymectomized during ear ly  l i f e  revealed that they 
were r e l a t i v e ly  unhealthy, did not gain weight properly,  appeared 
physiological ly  immature, and usually had a shortened l i f e  span (73) .
In the ear ly  twentieth century Beard proposed an important role for  
the thymus in the physiology of the immune system. He suggested that  
the thymus produced leukocytes that migrate out of the thymus to create  
"new centres for  growth, fo r  increase and useful work for  themselves 
and fo r  the body" (13) .  This prophetic hypothesis went r e la t i v e ly  
unnoticed u n t i l  the la te  1950s and early  1960s.
Archer and Pierce demonstrated that removal of  the thymus 
short ly  a f t e r  b ir th  resulted in an impaired antibody response in young 
rabbits (1 ) .  Coincidental studies by M i l l e r  showed that thymectomy 
within 24 hours of b i r th  severely impaired the a l lo g r a f t  response in 
mice (68 ) .  In contrast ,  animals thymectomized f iv e  days a f t e r  b i r th  
showed no immunological impairments. The general health of the thy­
mectomized animals was s im i la r  to that  described in the studies o f  the 
l a te  1800s. The discovery of  the immunological s ignif icance of  the 
thymus opened a vast area of research that marked the beginnings of
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modem c e l lu la r  immunology.
The thymus, unquestionably one of  the most extensively studied 
organs of  the lymphatic system, is in t im ate ly  associated with and respon­
s ib le  for  a complex immunological apparatus. I t  is the source of T -ce l ls  
that  can function in a var ie ty  o f  immunological reactions. T -ce l ls  play 
a role  in the Ab production to certa in  Ags (3, 12, 19, 57, 62, 74, 95).  
They are responsible for  g ra f t  and tumor re ject ion  and they are required 
for  v i ra l  and fungal immunity (73) .
The thymus is located in the superior mediastinum. In mammals 
i t  is a bilobed structure that arises from the th i rd  and fourth pairs  
of pharyngeal pouches (31) .  Like other lymphoid t issue,  the thymus is 
composed o f  a r e t ic u la r  ce l l  network and lymphocytes. Unlike the 
spleen and lymph nodes, however, the thymic e p i th e l ia l  r e t ic u la r  ce l ls  
arise  from the endodermal germ layer ,  not the mesenchymal layer .  Thy­
mic e p i t h e l ia l  ce l ls  undoubtedly play an important immunological ro le ;  
they have been implicated in the restorat ion o f  immune responsiveness 
in l e th a l l y  i r rad ia ted  animals (83, 108). Furthermore, extracts from 
thymic e p i th e l ia l  c e l ls  were capable of restoring immune functions in 
thymectomized animals (53) and cultured fragments of thymic epithelium  
have restored anti-SRBC antibody production, a l lo g r a f t  re je c t io n ,  and 
mitogen r e a c t iv i t y  when grafted into nude mice (53) .
The thymus is the f i r s t  organ during embryogenesis to become 
populated with lymphocytes. The or ig in  of thymic lymphocytes was a 
subject of considerable controversy during the ear ly  1960s. The work 
of Auerbach suggested that  the thymic lymphocytes arose da nooo from 
the thymic epithelium (4 -6 ) ;  however, studies u t i l i z i n g  c e l ls  with
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d is t in c t  chromosomal markers revealed that bone marrow ce l ls  could gain 
entry into  the thymus (96) .  Once ins ide ,  bone marrow c e l ls  were cap­
able o f  undergoing extensive p r o l i fe ra t io n  in the cortex to y ie ld  the 
post-thymic precursor c e l l  (PTP) (97) .  The PTP c e l ls  possessed T -ce l l  
d i f fe r e n t ia t io n  Ags, mitogen responsiveness, and the capacity to 
respond in a mixed lymphocyte reaction (MLR). Therefore, under the 
influence of the thymic microenvironment, bone marrow c e l ls  were 
induced to d i f f e r e n t ia te  into the precursors of  functional T -c e l ls .
Experiments u t i l i z i n g  i r rad ia ted  mice have given credence to 
the above hypothesis that bone marrow ce l ls  could enter the thymus, 
undergo "thymic processing," and leave the thymus to populate the 
peripheral lymphoid t issues. Sham-thymectomized, l e th a l l y  i r r a d i ­
ated mice did not regain immune responsiveness unless they were repop­
ulated with bone marrow or fe ta l  l i v e r  ce l ls  (6 ,  44, 45, 71). These 
experiments and marker chromosome studies confirmed the stem cel l  
or ig in  o f  the thymus-derived lymphocytes. I f  T -ce l ls  arose novo  
as Auerbach suggested, repopulation of the i r rad ia ted  animals with 
bone marrow c e l ls  would not be required for  the acquis it ion of  T-ce l l  
functions (6 ,  44, 45, 71).
A f te r  the i n i t i a l  observations of impaired antibody responses 
in the thymectomized animals (2 ,  19, 26-32, 44, 45, 57, 58, 59, 66, 70, 
72), some workers looked a t  the thymus as being d i r e c t ly  responsible 
for antibody production. However, a l l  attempts to demonstrate Ab 
production in the thymus i t s e l f  or in isolated thymocytes were unsuc­
cessful (50, 64 ) .
In 1966 Claman et a l .  presented evidence to suggest that  there
4
existed a synergist ic  collaboration between thymus-derived c e l ls  and 
bone marrow-derived c e l ls  in the antibody response. Their  studies 
showed that  l e t h a l l y  i r rad ia ted  animals recovered a f u l l  capacity to 
mount an Ab response only when the animals were repopulated with b o t h  
bone marrow- and thymus-derived c e l ls .  Repopulation with one of the 
c e l l  populations alone did not restore the response (24) .  Claman 
suggested that  one ce l l  population was responsible fo r  producing the 
Ab (e f fe c to r  c e l l s ) ,  but only with the collaboration of the other ce l l  
population cal led a u x i l ia ry  c e l ls .  Claman fur ther  hypothesized that  
the bone marrow-derived ce l ls  were responsible for  Ab production and 
that  the thymus-derived c e l ls  were the a u x i l ia ry  c e l ls .  This two- 
cel led  mechanism of antibody synthesis suggested that there existed  
a d iv is ion of  labor in the immune response.
This div is ion of labor was elegantly  demonstrated in the 1960s 
via chickens as immunological models. Chickens possess a unique organ, 
the bursa of  Fabricius. The bursa is a lymphoreticular organ located 
along the in te s t in a l  t ra c t  near the cloaca. In the la te  1950s a grad­
uate student named Bruce Glick performed growth studies on surg ica l ly  
bursectomized chickens. A fter  the completion of the studies, Glick 
u t i l i z e d  the chickens in an undergraduate teaching lab to demonstrate 
the production of antibodies against the 0 Ag of  S a l m o n e l l a  t i j p h i ,
Glick observed that the chickens fa i le d  to produce Ab a f te r  immuniza­
t ion .  Chickens that  had not been bursectomized showed normal Ab 
responses (48) .  M ueller ,  Wolfe, and Cote also reported that bursec­
tomized chickens fa i l e d  to synthesize Abs against bovine serum 
albumin (BSA) (48) .
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Aspinall  and Meyer, studying the homograft response in chickens, 
reported that bursectomy had no e f fe c t  on the homograft response (48) ;  
however, chickens that were thymectomized revealed an impaired homo­
g ra f t  response. The findings by C l ic k ,  Mueller,  Asp ina l l ,  and Meyer 
suggested a functional dissociation of immune c e l ls  in chickens. 
Lymphocytes a r is ing  from the bursa (B -c e l ls )  were responsible fo r  
Ab production while the thymus-derived c e l ls  (T -c e l ls )  were responsible 
for  homograft reactions.
Szenberg and Warner (98) suggested such an immunological d is ­
sociation a f t e r  th e i r  studies corroborated the f indings of  Gl ick ,
Mueller,  and Aspinal l .  Cooper suggested that the immunological d is ­
sociation into B-cells  and T -c e l ls  was probably present in other animal 
systems (30) .  The chickens, however, were unique due to the separation 
of these ce l l  populations into two d is t in c t  lymphatic organs. The 
bursa-equivalent in mammals has yet  to be id e n t i f ie d ;  the gut-associ­
ated lymphoid t issue may be a prime candidate.
Based upon the immunological studies in chickens, a model 
emerged for  the development of Immunologically act ive  lymphocytes.
PIuripotent stem c e l ls  ar is ing  from the bone marrow could migrate to 
the bursa o f  Fabricius (or i ts  mammalian analog) or the thymus. Upon 
entry into the bursa, bone marrow ce l ls  could p r o l i f e r a te  and d i f f e r ­
en t ia te  into the precursors of Ab-forming ce l ls  (B -c e l ls ) .  Extensive 
mouse studies have revealed that B-cells  expressed surface immuno­
globulin ,  la antigens, and mouse-specific B-lymphocyte Ag (85) .  These 
surface markers were not found on mouse bone marrow c e l ls .  This suggests 
that the markers were expressed during the development of  mature
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B -ce l ls .  Upon appropriate antigenic s t im ulat ion ,  the B-cells  experi­
enced p r o l i f e ra t io n  and d i f fe re n t ia te d  into plasma c e l ls  that ac t ive ly  
synthesized Abs.
The thymus served as the microenvironment for  the d i f f e r e n t i a ­
t ion of bone marrow c e l ls  into thymocytes. The maturation of thymocytes 
proceeded in d is t in c t  stages. The f i r s t  thymocyte to appear (the  
immature thymocyte) possessed no demonstrable T -ce l l  functions. I t  
was sensit ive  to cortisone treatment and i t  was found in the cort ica l  
region o f  the thymus. These ce l ls  expressed the the ta ,  Ly, and TL 
antigens. The next ce l l  to appear during thymocyte d i f f e r e n t ia t io n  was 
the PTP. These c e l ls  expressed the theta and Ly antigens, but they no 
longer expressed the TL antigens. The PTP ce l ls  possessed l imited  
immunologic functions. They were found in the medullary regions of  the 
thymus. The PTP ce l ls  l e f t  the thymus and populated the peripheral  
lymphoid organs, notably the spleen and lymph nodes.
In the microenvironment of the spleen or lymph nodes and under 
a hormonal influence by the thymus, the PTP ce l ls  matured into f u l l y  
functional T -c e l ls .  These functional T -ce l ls  expressed theta and Ly 
antigens and demonstrated a wide var ie ty  of immune functions. The 
functional T -ce l ls  could par t ic ip a te  in Ab production, g ra f t  re je c t io n ,  
DTH, MLR, GVHR, and cell-mediated c y to to x ic i ty .  Peripheral T -ce l ls  
were f u l l y  capable of  restoring immunological responsiveness in thymec­
tomized animals (46, 96, 97) whereas the thymocytes could not.
Following the o r ig in a l  reports of Archer, Pierce, and M i l l e r  
(1, 68, 70) ,  numerous other studies corroborated these ear ly  f indings.  
The la t e r  works revealed that thymectomy resulted in an impaired
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humoral response to the following Ags: SBRCs (12, 42, 74, 8 0 ) ,  BSA
(12, 19, 57, 80 ) ,  HEA ( 3 ) ,  TMV (95) and KLH (62) .  Antigens of th is  
nature were ca l led  thymic-dependent Ags because the spec if ic  Ab 
response by an animal was abrogated following thymectomy.
Immunoglobulin Classes and Helper,
A m pl i f ie r ,  and Suppressor T -ç e l1s
Thymectomy not only resulted in an impairment of a specif ic  
antibody response, i t  also appeared to a f fe c t  the r e la t iv e  serum con­
centrations of certa in  Ig classes. Thymectomized rats showed decreased 
levels of IgGi (2) and thymectomized mice demonstrated low serum levels  
of IgGi and IgG,2 (39) .  Congenitally athymic nude mice showed d r a s t i ­
c a l ly  reduced levels of IgG and IgA (11, 63) with the reduction of IgGi 
being p a r t ic u la r ly  severe.
Taylor and Wortis reported that in thymectomized mice immunized 
against SRBCs, the IgGi response was the most severely affected (102).  
Torr ig ian i  reported that in adult  thymectomized ALS treated mice (a 
treatment that  mimicked the T -ce l l  depletion induced by neonatal thymec­
tomy), very low levels of antibody were produced in response to HSA and 
KLH. Radioimmune prec ip i ta t io n  with class specif ic  antisera revealed 
that  the reduction in the overall  antibody response was due pr im ari ly  
to a reduction in the IgGi class (104).  The IgĜ  response therefore  
appeared to be more dependent on T -c e l l  help than the other Ig classes.
The aforementioned studies in T -c e l l  depleted animals (11,
104) and nude mice (11, 63) demonstrated that  d i f f e r e n t  Ig classes 
showed varying degrees o f  T-dependence. These observations suggested
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that  spec if ic  regulatory mechanisms existed between T- and B-cells  in 
the generation o f  an Ab response. The primary c e l lu la r  requirements in 
an Ab response was the presence of  Ag-reactive B-cells  o f  a given Tg 
class and spec if ic  helper T -c e l ls .  These helper ce l ls  possessed Ag 
s p e c i f ic i t y  as well as the s p e c i f ic i t y  for  helping B-cells  committed 
to a p a r t ic u la r  Ig class.
This concept was w e l l - i l lustra ted  in the a l lo type  suppression 
studies reported by the Herzenbergs (52) .  Allotype suppression was 
induced by in jec t ing  neonatal mice with antiserum spec if ic  fo r  a cor­
responding mouse Ig a l lo ty p e ;  in this study the a l lo type  was referred  
to as Ig - lb .  Treatment with a l lo ty p e -s p e c i f ic  antisera prevented the 
development of the helper T -c e l ls  required for  Ig - lb  synthesis. As 
adults ,  the mice demonstrated d ra s t ic a l ly  reduced serum levels of Ig - lb  
whereas no other Ig classes were af fected.  When the allotype-suppressed 
animals were challenged with a T-dependent Ag, they fa i le d  to make an 
Ig - lb  spec if ic  response. T -c e l ls  isolated from these animals were not 
capable of providing help to hapten-primed Ig - lb  memory B -ce l ls .  They 
could, however, provide help to B-cells  expressing d i f fe re n t  Ig-class  
s p e c i f ic i t y  (52).
The Herzenberg studies suggested that a l lo type  suppression spe­
c i f i c a l l y  removed a p a r t ic u la r  subpopulation of helper T -c e l ls  involved 
in Ig - lb  synthesis. These findings indicated that d is t in c t  subpopula­
tions of  T -ce l ls  were responsible for  the induction of a p a r t icu la r  Ig 
class. Removal of  these subpopulations by a l lo type  suppression, thy­
mectomy, or ALS treatment could resu l t  in an impaired synthesis of the 
Ig class involved.
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In contrast to IgGi (which was especia l ly  dependent on T -ce l l  
he lp ) ,  IgM did not require T -ce l ls  fo r  the induction of  Ab synthesis.
The f i r s t  Ig class to appear during a primary Ab response was IgM. This 
response was rather  sho rt - l ived ;  i t  was, for  the most p a r t ,  T-independ- 
ent. T-independent Ab responses did not require spec if ic  T -ce l l  help. 
They were generally not affected a f t e r  thymectomy. Antigens that  
e l ic i t e d  such responses were generally long polymeric substances com­
posed of repeating units. Classic T-independent Ags were pneumococcal 
polysaccharide ( S S S - I I I ) ,  polyvinylpyrolidone (PVP), and 1ipopolysac­
charide Ags from the enter ic  bacter ia .  T-independent responses to 
SSS-I I I  d i f fe re d  from T-dependent responses in two ways: (1) immuni­
zation with SSS- I I I  resulted in s t r i c t l y  an IgM-specific  response (8)  
and (2) secondary challenge with SSS-I I I  did not resu l t  in a height­
ened IgM response and detectable IgG spec if ic  Abs were not observed 
(8 ) .  (Secondary responses to c lassical  T-dependent Ags were usually  
characterized by a predominantly IgG response.)
The role of T -c e l ls  in the regulation of the a n t i -S S S - I I I  
response was extensively studied by Baker (7 ,  10). Treatment of  mice 
with anti  lymphocyte serum (ALS) resulted in a s ig n i f ic a n t  increase in 
the a n t i -S S S - I I I  response. Baker suggested the presence of  a suppres­
sor ce l l  that acted to regulate the a n t i -S S S - I I I  response. Removal of  
th is  suppressor ce l l  by ALS a l le v ia te d  the suppression; this resulted  
in an enhanced Ab response. When syngeneic thymocytes were injected  
into the ALS-treated animals, suppression was restored and the antibody 
t i t e r s  returned to normal leve ls .  Thus i t  appeared that  the ALS-sensi- 
t iv e  c e l l  was a suppressor T - c e l l .
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Further studies by Baker and Prescott,  concerning the c e l lu la r  
basis of the a n t i -S S S - I I I  response, revealed the presence of two d is ­
t in c t  subpopulations of T -c e l ls  involved in the regulation of the 
response. The two subpopulations were referred to as am p l i f ie r  T- 
c e l ls  (T^ c e l ls )  and suppressor T -ce l ls  (T^ c e l l s ) .  The data sug­
gested that  T^ and T  ̂ ce l ls  interacted to maintain a regulatory ba l­
ance in the a n t i -S S S - I I I  response (10) .
T^ c e l ls  did not function as helper c e l ls .  They were not 
required fo r  the i n i t i a t i o n  of the a n t i -S S S - I I I  response. Because 
B-cell  p r o l i fe ra t io n  occurred a f t e r  antigen st im ula t ion ,  the T^ ce l ls  
drove the act ivated B-ce l ls  into fu r th e r  p r o l i f e r a t iv e  a c t i v i t y .  This 
resulted in a net increase in the number of B-ce lls  responding to Ag 
and, thus, amplif ied the B-cell  response.
The Tg ce l ls  acted to suppress the T^ and the B-cell  responses. 
Tg ce l ls  could suppress the am pli f ica t ion  of B-cells  by in teract ing  
with the T^ ce l ls  or the B-cells  d i r e c t ly .  Treatment with ALS pre f ­
e r e n t ia l ly  removed the Tg c e l l s ,  s h i f t in g  the regulatory balance in 
favor of the T^ ce l ls  and the B -ce l ls .  These ce l ls  could now p r o l i f ­
erate f re e ly .  This resulted in an enhanced Ab response. Regulation 
of the SSS- I I I  response required the in te rac t ion  of  two d is t in c t  T- 
ce l l  subsets with opposing functions: am pli f ica t ion  and suppression.
The interactions of T^ and Tg c e l ls  provided a homeostatic mechanism 
for  the regulation of  a B-cell  Ab response.
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Cel 1 Surface Markers and Sub- 
populations of _T-Çe l̂^s
The discovery of unique ce l l  markers on lymphocytes has been 
proven to be a powerful tool in elucidating the c e l lu la r  nature of  
immune responses. The presence of surface Ig on B-cells and the theta 
Ag of  T -c e l ls  has served as a primary means o f  id e n t i fy in g  B-cells  
and T -c e l ls .
Subpopulations of T -c e l ls  were id e n t i f ie d  in mice by Ly a l l o -  
antigens. The Ly 1 and Ly 23 al loantigens were expressed exclusively  
on T -ce l ls  (60 ) .  They appeared to be stable genetic markers associated 
with funct iona l ly  d is t in c t  sets of T -c e l ls .  Kisielow et  a l .  (60) 
demonstrated that the treatment o f  T -ce l ls  with ant i -Ly  1 serum plus 
complement (C^) abolished the helper function of the T -c e l ls .  Treat­
ment of T -c e l ls  with ant i -Ly  2 and C’ resulted in a marked decrease in 
cell-mediated c y to to x ic i ty ;  however, the helper a c t i v i t y  was not 
affec ted .  Ab helper T -ce l ls  therefore p re fe r e n t ia l ly  expressed the Ly 
1 antigen with the cytotoxic T -c e l ls  expressed the Ly 23 antigen.
Cantor and Boyse (20) demonstrated that the maturation of  
thymocytes to y ie ld  T -ce l ls  expressing d is t in c t  Ly phenotypes occurred 
in the absence of  Ag. Based on the expression of Ly phenotypes, three  
sets of T -c e l ls  were id e n t i f ie d :  Ly 1^ c e l ls ,  Ly 23^ c e l ls ,  and Ly
123^ c e l ls .  Cantor and Boyse demonstrated that the Ly 123^ ce l ls  were 
the f i r s t  to appear during development. They were susceptible to the 
effects  o f  adult thymectomy. Ly 123^ ce l ls  may have corresponded to 
the PTP ce l ls  (97) .  Ly 1  ̂ and Ly 23^ presumably arose from Ly 123^ 
cells  and were r e la t i v e ly  res is tan t  to the ear ly  ef fects  of adult
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thymectomy (20) .
Cantor and Boyse demonstrated that T -ce l ls  expressing the 
Ly 1^ phenotype were capable of  generating help i n  v i t r o .  Ly 23^ 
T-ce l ls  possessed suppressor and cytotoxic a c t i v i t y  (20, 21).  Their  
studies also showed that  two subsets of T -c e l ls  could collaborate  
in the generation o f  a cytotoxic response. The development of  
Ly 23^ cytotoxic T -c e l ls  was amplif ied by Ly 1^ c e l ls  (21) .  During 
the generation of  a cytotoxic response, the Ly 1  ̂ ce l ls  recognized 
a d i f fe re n t  Ag than that recognized by the Ly 23^ c e l ls .  Ly 1* 
ce l ls  recognized an I region dif ference while Ly 23^ ce l ls  recognized 
K and/or D region d if ferences.
Further character izat ion o f  the Ly 1  ̂ helper ce l ls  and the 
Ly 1^ a m p l i f ie r  c e l ls  was achieved with the use of  la antiserum.
These studies demonstrated that  the Ly 1 helper ce l ls  expressed la 
antigens on t h e i r  surface while the Ly 1  ̂ am p l i f ie r  c e l ls  did not.
The presence o f  la antigen may have represented a functional ce l l  
marker fo r  a d i f f e r e n t  d i f f e r e n t i a t i v e  pathway (105).  Suppressor T- 
c e l ls  were shown to express the phenotype Ly 23^ la^. Spleen ce l ls  
isolated from animals made to le ran t  to HGG were treated with a var ie ty  
of antiserums and t h e i r  suppressor a c t i v i t y  was assessed. Only a n t i ­
sera directed against Ly 23^ antigens and la antigens abolished the 
suppressor a c t i v i t y  (105).
Studies by Huber demonstrated that the Ly phenotypes represented 
a stable functional marker i n  v i v o .  ATxIR mice (B-mice) were repopu- 
lated with Ly 1 or Ly 23 T -ce l ls  and subsequently tested for  immuno­
logical c a p a b i l i t ie s .  The B-Ly 1 mice were capable of  generating
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primary and memory helper functions in an anti-SRBC response. These 
animals did not demonstrate any cytotoxic a c t i v i t y  (54) .  The B-Ly 23 
mice were incapable o f  e l i c i t i n g  an anti-SRBC response, but they were 
capable of  generating primary and memory k i l l e r  functions (54) .  Of 
in te re s t  was the observation that the degree of cy to tox ic i ty  was less 
than that  seen in f u l l y  reconstituted B-T mice. The absence of Ly 1  ̂
am p l i f ie r  c e l ls  may have been responsible fo r  the lower levels of  
cytotoxic T -c e l ls .  Thus Ly 23^ ce l ls  by themselves were capable of  
generating a cytotoxic response. Optimal cytotoxic responses, how­
ever, required an in te rac t ion  between an Ly 1  ̂ am p l i f ie r  and an Ly 
23^ cytotoxic T -ce l l  (54 ) .
Immuno régula tory T-ce l l  ^ ijTcuHs
Richard Gershon and a number of  coworkers have proposed that  
T-ce l l  subsets could in te rac t  in an immunoregulatory c i r c u i t  to reg­
ulate a specif ic  Ab response. The studies of Gershon et  a l .  (37, 38, 
54) have re l ie d  extensively on the use of  Ly anti serum to obtain 
r e la t iv e ly  pu r i f ied  subpopulations of  T -c e l ls .
Highly pur i f ied  Ly 1  ̂ T -c e l ls  were primed I n  v i t r o  with SRBCs. 
The degree of priming was previously shown to induce optimal suppres­
sion when unselected T -ce l ls  were stimulated in th is  manner. When the 
antigen-primed Ly 1  ̂ c e l ls  were added to pu r i f ie d  B -c e l ls ,  a s i g n i f i ­
cant antibody response was observed although s ig n i f ic a n t  suppressive 
effects  were observed when antigen-primed Ly 1  ̂ c e l ls  were added to 
mixtures of  unselected T -c e l ls  and B -c e l ls .  Therefore, although by 
themselves Ly 1  ̂ c e l ls  were capable of d i r e c t ly  inducing Ab synthesis
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in B -c e l ls ,  these Ly ce l ls  were also capable of inducing a resting  
set of T -c e l ls  to exert  profound suppressive e f fec ts  on the antibody 
response (37) .
Addit ional studies revealed that the resting T -ce l l  popula­
t ion that  was induced by the Ly 1^ ce l ls  expressed the Ly 123^ pheno­
type. The Ly 123^ ce l ls  were induced to exert  potent feedback in h i ­
b i t ion  of the Ab response. The Ly 1  ̂ mediated control o f  the Ab 
response represented a unique in teract ion  among T -c e l l  subsets. Upon 
antigen st im ula t ion ,  Ly 1  ̂ T -c e l ls  could induce B-cells  to produce Ab. 
After  a certa in  degree of  help was provided, the Ly 1  ̂ subset activated  
a rest ing set o f  Ly 123^ ce l ls  to express potent feedback suppression 
(54, 105).
Support for  the c i r c u i t  theory came from i n  v i v o  studies by 
Cantor et  a l .  who showed that the same T-T interactions required for  
the regulation of an iyi v i t r o  Ab response were also necessary for  the 
regulation of  an i n  v i v o  Ab response (23, 54).  Antigen-stimulated  
Ly 1^ ce l ls  were capable of generating a s ig n i f ic a n t  helper response 
in B mice. When, however, Ly 1  ̂ c e l ls  were added to unselected T- 
cel l  populations and in jected into B mice, s ig n i f ic a n t  suppression 
of the Ab response was observed (23, 54).  Removal of the Ly 123^ 
ce l ls  from the unselected T -ce l l  population prevented the development 
of suppressor T -c e l ls .
Additional proof came from work done on NZB mice, a s t ra in  that  
spontaneously developed autoimmune diseases. The development of  auto­
immunity may have been due to the absence of the feedback suppression 
provided for  by Ly 123^ c e l ls  (23 ) .  Experiments with these mice
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demonstrated a very low level of Ly 123 c e l ls .  This apparent defect  
in the Ly 123^ c e l ls  prevented s u f f ic ie n t  feedback control mediated by 
the Ly 1^ c e l ls .  The loss of this  suppression resulted in a r e la t i v e ly  
uncontrolled Ab response. This defect was believed to be responsible 
fo r  the development of autoreactive Abs. The equil ibr ium of this c i r ­
cu i t  has been perturbed by the Ly 123^ defect.  This perturbation  
resulted in an uncontrolled p r o l i f e ra t io n  of Ly 1  ̂ c e l ls  that resulted  
in an enhanced Ab response. In this system, however, the unsuppressed 
p r o l i fe ra t io n  of B-cells  may have given r ise  to autoreactive clones 
of Ab-forniing c e l ls .
McDougal e t  a l .  (76) corroborated the findings of  Gershon. They 
u t i l i z e d  an i n  v i t r o  thymocyte-macrophage culture  system to generate 
helper T -c e l ls .  They found that Ly 1  ̂ ce l ls  could supply d irec t  help 
to B-cells  and induce a rest ing set of T-Cells to exert potent feed­
back suppression.
McDougal and Gordon (75) have characterized a soluble fac to r  
+
that  can replace Ly 1 ce l ls  in an antibody response. The factor  was 
obtained from the supernatants o f  the i n  /;^v?-generated helper c e l ls .  
Immunochemical analyses of this  factor  revealed i t  to be a glycoprotein  
with antigen-binding capacity. I t  did not react with antisera directed  
against Ig determinants; i t  was precipi table with a l lo a n t is e r a . Because 
the factor  could replace helper T -c e l l s ,  i t  was presumably secreted by 
antigen-stimulated Ly 1  ̂ c e l ls .  Thus B-ce lls  received the helper T -ce l l  
signal via a soluble messenger.
A number o f  other factors have been isolated from T-ce l ls  or 
culture supernates and characterized. These factors demonstrated
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helper and suppressor a c t i v i t i e s  (32, 99, 100, 107, 108). Watson et  a l .  
(106) have p u r i f ie d  a helper T -ce l l  replacing factor  that  was obtained 
from the supernatants o f  ConA-activated spleen c e l ls .  This factor  was 
a protein with a molecular weight o f  approximately 30,000-40,000 dal tons.
The factor  supplied a d i re c t  signal to B-cells  that  was antigen-  
spec if ic .
Taniguchi and coworkers (99,  100) have isolated and charac­
ter ized a T -ce l l  factor  that exerted suppressive e ffects  on anti-KLH 
responses. This was extractable  from thymocytes of mice that had been 
immunized with high doses of the c a r r ie r  protein.  The factor  was shown 
to have Ag-binding c a p a b i l i ty .  I t  had a molecular weight of 35,000- 
55,000 and i t  did not react with a n t i - I g  Abs. These studies revealed 
that  the suppressive factor  functioned at  the T -ce l l  level in suppress­
ing helper T -c e l ls .
Additional studies by Taniguchi et  a l .  (100) have shown the 
T-ce l l  suppressive factor  to be a product of  a gene mapping with in the 
I region of  the mouse H-2 complex. The subregion coding for  this  
molecule was referred to as the I -J  subregion. This subregion mapped 
to an immune response gene. The fac to r  characterized by Taniguchi 
showed a considerable degree o f  s im i la r i t y  with the soluble fac to r  
characterized by Herzenberg et  a l ,  (78) .  Herzenberg was able to demon­
s tra te  that suppressor T -ce l ls  expressed a gene that  mapped to the I -J  
subregion and also secreted a suppressive factor  that expressed I -J  a n t i ­
gens. The s im i la r i t i e s  between Taniguchi's and Herzenberg's work sug­
gested that  suppressor T -c e l ls  might p r e fe r e n t ia l ly  express I -J  subregion 
genes that  appeared to play a d i re c t  ro le  in the T -ce l l  mediated suppression
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la antigens were glycoproteins sero log ica l ly  detectable on the 
surfaces of  T - c e l ls ,  B -ce l ls ,  and macrophages. These antigens were 
control led by genes in the I (immune response) region of the major 
histocompatabi1i t y  complex (H-2) of mice (61) .  The I region was 
divided into f iv e  subregions as defined by d is t in c t  recombination 
events: A, B, J, E, and C. The la antigens ( I - A  and I - J )  have been
found on helper T -c e l ls  and suppressor T - c e l ls ,  respectively .  A num­
ber of  T-dependent immune responses were controlled by genes within  
the I region and la antigens appeared to play a d ire c t  ro le  in regu­
la t ing  these responses.
The presence of la antigens on T - c e l ls ,  B -c e l ls ,  and macro­
phages might play an important ro le  in immune regulat ion .  A number 
of T-dependent immune responses were control led by genes in the I 
region of the H-2 complex (88) .  la antigens might serve as messenger 
molecules from one T -ce l l  to another, or from a T -ce l l  to a B -c e l l .
This message could be conveyed through d irec t  ce l l  contact involving  
the la antigens or through the action of l a - l i k e  soluble factors .
Studies u t i l i z i n g  responder and nonresponder stra ins of mice 
revealed that the c e l lu la r  defect in the nonresponder animals was 
associated with a lack of la antigens on the B-cells  of the nonresponder 
animals. Nonresponder T -c e l ls  were capable of  responding to the Ag and 
releasing Ag spec if ic  soluble factors ;  however, the nonresponder B-cells  
were re frac tory  to the helper e f fec ts  of  the soluble factors (88, 101).
Contrary to the T -c e l ls  involved in the regulation of an a n t i ­
body response, the T -c e l ls  involved in the generation of delayed hyper­
s e n s i t iv i ty  and c y to to x ic i ty  did not appear to express surface la
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antigens (105) .  Although these ce l ls  have been shown to recognize 
I region differences (2 1 ) ,  la antigens did not seem to be expressed 
on these T -c e l ls .  These f indings implied that the presence of la 
antigens on T -c e l ls  might represent a functional separation o f  T- 
ce l l  subsets. la^ T -c e l ls  appeared to be involved in regulating  
Ab responses while  la" T - c e l1s were involved in cel 1-mediated 
responses.
Figure 1 represents a proposed in teract ion o f  T -ce l l  subsets 
in the regulation of an antibody response. The i n i t i a t i n g  events in 
the c i r c u i t  might be the st imulat ion of Ly 1  ̂ ce l ls  by the appropri­
ate Ag. Upon st im ulat ion ,  the Ly 1^ c e l ls  would begin to supply 
direc t  help to B -c e l ls —most l i k e l y  through a soluble factor .  Upon 
receiving a signal from both the Ag and the Ly 1^ T - c e l l ,  the B-cells  
would begin to p r o l i f e r a te  and mature into Ab-secreting plasma c e l ls .  
Simultaneously the Ly 1^ I-A^ T -ce l ls  would provide signals to both 
the Ly 123^ I-A^ c e l ls  and the Ly 123^ I -J^  c e l ls .  Stimulation of the 
Ly 123^ I-A^ ce l ls  would resu l t  in the additional generation o f  Ly 
1  ̂ I-A^ helper c e l ls .  As this process continued, a considerable 
degree of help would be supplied to the B -ce l ls .
A f te r  a certa in  amount of Ab has been produced, feedback 
mechanisms would begin to suppress the antibody response. Ly 1  ̂
cel ls  were capable of inducing the maturation of Ly 23^ I -J  suppressor 
ce l ls  from Ly 123^ I -J  precursor c e l l s .  The appearance of Ly 23^ I -J  
cells  would res u l t  in the suppression of the Ly 1  ̂ mediated response. 
Another mechanism o f  suppression i l l u s t r a t e d  in this  diagram is the 
feedback in h ib i t io n  induced by soluble immune complexes. These immune
Figure 1. Immunoregulatory T -ce l l  Networks
A proposed representation of the 
regulatory in teract ions  among d i f f e r e n t  T- 
c e l1 subsets con tro l l ing  an antibody 
response.
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complexes could bind to the Ly 23^ I -J  ce l ls  and possibly enhance 
th e i r  suppressive a c t i v i t y .  Thus the production of excess Ab or an 
excess amount of Ly 1  ̂ mediated help could resu lt  in the feedback 
suppression of  an Ab response.
The in te rac t ion  of T -c e l ls  in an immunoregulatory network 
provided a f in e  control mechanism for  the regulation of Ab production. 
These c i rc u i ts  provided a homeostatic mechanism that allowed for the 
precise regulation of  an antibody response. Any malfunction in th is  
network could conceivably resu lt  in the perturbation of a normal Ab 
response, possibly resu lt ing  in immune tolerance or autoimmunity.
Hamster Immunology
The Syrian hamster was f i r s t  described in 1839 near Aleppo, 
Syria. In 1930 a breeding nucleus of hamsters was established. Adler 
soon discovered th e i r  unusual s u s c e p t ib i l i ty  to many infectious agents 
Adler successfully established models fo r  Kala azar,  tuberculosis,  
bruce l lo s is ,  and a number of v i ra l  and bacteria l  diseases. Hamsters 
were shown to be good hosts for  grafted and spontaneous tumors (17) .
Hamsters proved to be excel lent  hosts for many v i ra l  diseases: 
lymphocitic choriomeningit is , mumps, measles, rube l la ,  and influenza  
viruses (103).  Eddy demonstrated that polyoma viruses and DNA viruses 
such as SV40 were capable of inducing tumors in hamsters. Of in te res t  
were the two human viruses, adenovirus type 12 and herpes simplex type 
2, that  were also oncogenic in hamsters.
The unique s u s c e p t ib i l i t y  of hamsters to v i ra l  infect ion and 
oncogenesis would surely warrant an in-depth investigat ion of  th e i r
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immune system. For reasons unknown, however, r e la t i v e ly  few studies 
of the hamsters' immune system emerged in the 1950s.
In the la te  1950s Hubert Billingham and B i l l  Hildemann were 
studying the genetics of the homograft response in hamsters. Up u n t i l  
this  time hamsters had only demonstrated very weak homograft responses. 
This phenomenon was a t t r ib u te d  to two factors:  (1) Syrian hamsters,
severely r e s t r ic te d  geographically, showed l i t t l e  polymorphism at  th e i r  
histocompatabil ity  loci and (2) a l l  of the domestically bred hamsters 
were derived from three or ig ina l  1i t fermâtes captured near Aleppo. The 
apparent lack o f  polymorphism in the histocompatabil ity  genes of  
hamsters was contrary to the s i tu a t io n  found in mice (61) .
Billingham and Hildemann demonstrated th a t ,  by using proper 
s tra in  combinations, hamsters were capable of e l i c i t i n g  strong g ra f t  
re je c t ion .  Their  data suggested the existence of a few strong but 
at  least  several weak histocompatabi!i ty  genes (15) .  Billingham 
et a l . (16) l a t e r  demonstrated the existence of only three histocom­
patabi l i t y  loci in hamsters, one being a major locus.
A series of studies by Duncan and S t r e i le in  (33-35) revealed 
the presence o f  a histocompatabil ity  locus in hamsters. The hamster 
locus coded fo r  genes contro l l ing  g ra f t  re je c t io n ,  MLF, and 6VHR.
These tests were a l l  T-dependent functions. The presence of a h is to ­
compatabi l i t y  complex in hamsters was s ig n i f ic a n t  because genes con­
t r o l l i n g  immune responsiveness were probably located within this region 
s im ilar  to I r  genes in the H-2 locus of mice (61) .  Too, the H-2 locus 
in mice controlled helper and suppressor T -ce l l  a c t i v i t y ,  cel 1-mediated 
c y to to x ic i ty ,  and v i ra l  and tumor immunity (61) .
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Additional studies by Duncan and S t r e i le in  (34) demonstrated 
that  the genes contro l l ing  g ra f t  re je c t io n ,  MLR, and GVHR were closely  
l inked. This linkage led to the hypothesis of hamsters' major h is to ­
compatabi 1 i ty  locus. The immune response to BSA was shown to be under 
single gene control although unlinked to the histocompatabil ity com­
plex.
In the ear ly  1960s hamster studies began to focus on the role  
of the thymus and the character izat ion  of hamster Igs. Sherman et a l .
(89) reported the occurrence of a severe wasting syndrome following  
thymectomy in hamsters. They found that thymectomy as la te  as four 
weeks a f t e r  b i r th  could res u l t  in the wasting disease. Thymectomy was 
also found to impair the humoral and cel 1-mediated immune responses 
(90, 91). The reported la te  e f fec ts  o f  thymectomy were quite remark­
able considering the c r i t i c a l  time period seen in other animal systems. 
Mice and rats must be thymectomized before 24 hours a f t e r  b ir th  in 
order to observe s ig n i f ic a n t  immune impairments (57-59, 68).
Experiments by Roosa et  a l .  (87) contradicted Sherman's f in d ­
ings. Their  studies showed that  thymectomy with in 24 hours of b ir th  
resulted in but a s l ig h t  impairment of  the homograft response. Ham­
sters thymectomized seven days a f t e r  b i r th  rejected skin grafts as 
did normal animals. Roosa did not observe the sex-l im ited wasting 
syndrome that Sherman described. I t  was apparent from this study that  
very early  thymectomy was necessary to e l i c i t  an immunologic impair­
ment. This f inding was in d i re c t  contrast to Sherman's work.
Gasser and L o e f f le r  showed that neonatally thymectomized hamsters 
were more susceptible than normal animals to tumor induction by adenovirus
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type 12 (43) .  Wasting disease was not observed in th is  study.
In the la te  1960s Coe began a systematic character izat ion of  
the Ig classes in hamsters. IgGi and IgG? were id e n t i f ie d  as 7S gamma 
globulins (24) .  Additional studies revealed that only the IgGz class 
was capable o f  f ix in g  complement (28) .  A 20$ gamma globulin was id e n t i ­
f ied  as IgM (26) .  IgM was dissociable into 7S subunits upon reducion 
and a lk y la t io n .  IgM, IgGi, and IgGa a l l  appeared a f t e r  immunization 
with a protein Ag; however, the IgM response was only detectable fo r  
a short time (26) .
Coe also described a unique response to HEA in Syrian hamsters. 
When hamsters were challenged with HEA in CFA they e l i c i t e d  an IgGi and 
and IgG2 spec if ic  response. Immunization of  hamsters with HEA in saline  
resulted in an IgGi response with no production of IgG?. I f  the HEA 
saline hamsters were now challenged with HEA in CFA they e l i c i t e d  an 
IgGi response. Immunization o f  hamsters with HEA in saline  
resulted in the se lec t ive  induction o f  IgGi synthesis and the concomi­
tant induction of  spec i f ic  HEA tolerance in the IgG? response (26, 27).  
This phenomena was referred  to as s p l i t  tolerance.
The c e l lu la r  basis fo r  the s p l i t  tolerance phenomenon was not 
completely understood. The complexity of this  response and the nature 
of the Ag would ind icate  that  T -c e l ls  might be involved in regulating  
the anti-HEA response. The anti-HEA response in thymectomized hamsters 
has not been studied.
The discovery of a major histocompatabil ity  complex and the 
presence of immune response genes in hamsters was evidence that  they 
possessed a complex immune system. Presumably the immune response
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would be subject to T -c e l l  regulat ion.  Although T -ce l l  subsets in 
hamsters have not been id e n t i f i e d ,  th e i r  presence in mice would sug­
gest that  such a T -c e l l  system should also ex is t  in hamsters.
Hamster lymphocytes were s im ila r  to those of  mouse and man
in that  hamster lymphocytes responded to T -ce l l  spec if ic  mitogens
(ConAandPHA) and the B-cell  mitogen (LPS). ConA and PHA were good 
mitogens fo r  hamster thymocytes, but they did not induce mitosis in 
hamster bone marrow c e l ls .  LPS induced p r o l i f e r a t iv e  responses in 
bone marrow c e l l s ,  but they did not in thymocytes (51) .  In addit ion,  
Blasecki and Houston (18) have p a r t i a l l y  p u r i f ie d  and characterized
hamster T -c e l ls  through the use of nylon wool columns and a T-ce l l
specif ic  ant isera .  This antisera was prepared by immunizing rab­
bits  with hamster brain t issue in much the same way that ant i theta  
antisera is prepared in mice. The existence of a T -ce l l  specif ic  
antigen on nervous t issue in hamsters was analogous to the theta Ag 
system in mice (84) .
The aforementioned studies suggested that a T -ce l l  system, 
much l i k e  that  found in mice, was present in Syrian hamsters. Theo­
r e t i c a l l y ,  hamster T -c e l ls  par t ic ipa ted  in regulating Ab responses, 
graft  re je c t io n ,  tumor re je c t io n ,  MLRs, and GVHRs. Hamster T -ce l ls  
expressed unique surface markers that  might allow for  th e i r  id e n t i ­
f ica t ion  and chara c te r iza t ion .  Hamster T -c e l ls  were also known to 
respond to T -ce l l  mitogens. The e f fe c t  of  T -ce l l  depletion has not 
been thoroughly evaluated in reference to Ig classes of Ab a f fec ted ,
MLR and g ra f t  re jec t ion  impairment. The present study was in i t i a t e d  to 
fur ther  e luc idate  the role  of the thymus in the immune system of the 
Syrian hamster.
Chapter 2 
MATERIALS AND METHODS 
An î ma 1 s
Outbred male and female Sprague-Dawley (SD) Syrian hamsters 
were bed and maintained at  the Rocky Mountain Laboratory (RML). Inbred 
CB hamsters were purchased from the Charles River Laboratory, Lakeview, 
New jersey.  Lewis rats were maintained at the RML.
Neonatal Thymectomy
Newborn hamsters, 2-16 hours of  age, were rendered hypothermic 
by incubation for  8-10 minutes at  -20* C in preparation for  surgery.
The newborn animals were securely fastened to an inverted petr i  p late  
that was placed on ice.  The ice bath served to maintain hypothermic 
conditions throughout surgery. Using s t e r i l e  surgical scissors, a 0.5  
cm incis ion was made through the skin along the sternal l in e ,  thereby 
exposing the r ib  cage and sternum. Start ing jus t  above the xyphoid 
process, the sternum was s p l i t  to ju s t  below the neck. Using a pa ir  of  
forceps, the s p l i t  sternum was gently separated to expose the superior  
mediastinum. The thymus was v isualized in the uppermost part of the 
superior mediastinum, ly ing above the heart.  U t i l i z in g  a Pasteur 
pipette  connected to a gentle vacuum, the thymic lobes were ca re fu l ly  
removed without damage to the surrounding t issues. A 5-0 Dermalon
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suture (Davis and Geek, American Cyanamid, Pearl River,  New York) was 
used to close the sternal and skin incisions. The animals were main­
tained a t  room temperature a f t e r  surgery or occasionally placed under 
a heat lamp u n t i l  consciousness was restored. Fully  conscious 
animals were returned to th e i r  l i t t e r s  and observed da i ly  un t i l  
weaning.
Sham thymectomy employed the identica l  procedure outlined above 
except that  the thymus was l e f t  in ta c t .
Adul t  JFhymectomy
Three- to four-week-old male and female Syrian hamsters were 
anesthetized with 0 .1 -0 .15  ml o f  a sodium pentobarbitol solution  
(Nembutal, Abbot Laboratories, North Chicago, I l l i n o i s ) .  The a n i ­
mals' upper and lower thoraxes were shaved and cleansed with a d is ­
in fectant  soap (Phisohex, Winthrop Laboratories, S ter l ing  Drug, In c . ,  
New York, New York). An incis ion was made through the skin to expose 
the e n t i re  sternum and r ib  cage. Start ing at  e i th e r  the th ird  or 
fourth r ib  above the xyphoid process, a small incision was made along 
the sternum exposing the superior mediastinum. While separating the 
r ib  cage with one p a ir  of  forceps, the thymus was teased out of the 
chest cav ity  with a second pa ir  of forceps. The separated r ib  cage 
was then immediately drawn together with three or four sutures so as to 
diminish the e f fec ts  of pneumothorax. The skin was closed via surgical 
staples (Clay Adams, Becton-Dickinson Company, Parsipanny, New Jersey).
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Preparation of Bone Marrow Cells
Bone marrow ce l ls  were obtained from adult  female SD hamsters. 
The animals were anesthetized with e ther ,  exsanguinated, and the 
femurs and humerus bones removed. The ends of the bones were cut 
o f f  with bone scissors and, using a syringe, a solution of  s t e r i l e  
PBBS (see Appendix A, p. 82) was washed through the bones to flush  
out the marrow c e l ls .  Large aggregates of bone marrow ce l ls  were 
dispersed by repeated aspirations into a s t e r i l e  Pasteur p ip e t te ;  
the c e l ls  were washed three times, counted, and the f in a l  concentra­
t ion was adjusted to 1 % 10® c e l ls  per ml. The above procedure was 
performed a t  4® C and the c e l ls  were kept at  this  temperature for  the 
remainder of the procedure.
Lethal I r r a d ia t io n of Adult Thymectomized Hamsters  
and Repopulation with Bone Marrow Cells
Th ir ty  to 60 days a f t e r  surgery, adult  thymectomized SD ham­
sters were le th a l ly  i r rad ia ted  via a General E le c t r ic  Maximar X-ray 
unit .  The target  distance was 24 inches using 250 V, 15 m A, with  
a 1 mm Cu and a 1 mm Al f i l t e r .  The rate of exposure was 36 rads/min. 
with the animals receiving a to ta l  of 1,000 rads. All  animals received 
50 > 10® bone marrow c e l ls  in jected intravenously within six hours of  
i r r a d ia t io n .
Preparation of Hen Egg Albumin for  
Immunization of  Hamsters
Hen egg albumin (HEA), f iv e  times recrystal  1ized, was purchased 
from the K and K Laboratories, Jamaica, New York. A standardized stock
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solution o f  HEA was prepared in a PBS buffer  and stored a t  4"̂  C for  
fu r th e r  use. A solution of  HEA containing 20 pg/ml was prepared and 
emulsified with an equal volume of  Complete Freund's Adjuvant (CFA) 
(Difco Labs, D e t ro i t ,  Michigan). Experimental hamsters were immunized 
with 0 .5  ml of  the HEA-CFA emulsion. The in jec t ion  was evenly d is ­
t r ibu ted  among the four footpads.
Serum Collect ion from Immunized Animals
Sera from immunized animals was col lected by r e t r o -o r b i ta l  sinus 
puncture using heparinized c a p i l la ry  tubes (S c ie n t i f i c  Products, McGaw 
Park, I l l i n o i s ) .  Two hundred f i f t y  ul of blood was obtained and the 
c a p i l la ry  tubes were stored overnight at  4° C. Plasma was obtained 
by centr i fuging the c a p i l la ry  tubes at  2,000 PPM for  30 minutes.
Plasma was stored at  -20° C fo r  fu r th er  use.
Sensit iza t ion  of  Sheep Red Blood 
Cells with HEA
SRBCs in Alsever's solution were obtained from sheep main­
tained at  the RML. The c e l ls  were washed three times with PBS and 
dilu ted to y ie ld  a packed c e l l  volume of 0.25 ml. The c e l ls  were sus­
pended in 18 ml of  PBS containing 10 mg of HEA and mixed gently for  
one minute. Then 1.25 ml of  a 1:15 BOB buffer  A solution was added 
to the c e l ls  and the suspension was incubated a t  room temperature for  
10 minutes. The suspension was centrifuged at  1,500 RPM for  f iv e  min­
utes. The supernatant was removed immediately and the ce l l  p e l le t  was 
washed two times with PBS. The f in a l  washed p e l le t  was resuspended in
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50 ml of PBS 0.1 percent BSA buffer  to y ie ld  a 0.5 percent suspension 
of HEA-conjugated SRBCs. Eff icacy of the sens i t iza t ion  procedure was 
tested using a standard anti-HEA sera prepared from hyperimmunization 
of hamsters with HEA-CFA.
Determinat ion of Anti-HEA T iters  from 
the Sera o f  Immunized Hamsters
Hemagglutination using HEA-sensitized SRBCs was performed in 
m ic ro t i te r  plates (Flow Labs, Inglewood, C a l i fo rn ia ) .  Twenty-five  
m icro l i te rs  of  immune sera were s e r i a l l y  d i lu ted  twofold with PBS 0.1 
percent BSA bu f fe r .  Twenty-five m ic ro l i te rs  of a 0.5 percent HEA-SRBC 
suspension was added to each well and the plates were incubated over­
night at  4° C. Controls consisted of  normal hamster serum, hyper­
immune hamster serum, and unconjugated SRBCs. The hemagglutination 
t i t e r  was recorded as the reciprocal log? o f  the highest d i lu t io n  
showing a pos it ive  hemagglutination pattern.  Hyperimmune hamster 
serum consistently  demonstrated reproducible hemagglutination patterns
Determination of  I g Class Spe c i f i c  Anti-HEA 
Response in Immunized Hamsters: Immuno­
electrophoresis and Autoradiography
Immunoelectrophoresis
Immunoelectrophoresis of  immune sera was carr ied out on 1 x 3 
inch glass s l ides .  The sl ides were washed with acid alcohol,  dr ied,  
and a thin coat o f  2 percent agar was spread across each one. The 
slides were then baked in a drying oven fo r  20 minutes. Two and one 
half  ml o f  2 percent lonagar ffZ (Colob Laboratores, Chicago Heights,
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I l l i n o i s )  in an lEP barb ita l  bu f fe r  was layered onto each s l id e .  This 
was allowed to s o l id i f y .  A center trough and two adjacent wells were 
cut into  the agar. The wells were removed and approximately f iv e  
m icro l i te rs  o f  immune sera were added to each w e l l .  The immune sera 
was electrophoresed against the lEP barb ita l  buffer  at  45 V for  90 
minutes. The lEP apparatus was kept cool throughout the procedure 
so as to prevent overheating.
A f te r  completion of e lectrophoresis,  the center trough was 
removed and subsequently f i l l e d  with rabbit  antiwhole hamster sera.
The lEP slides were placed in a humidified container and allowed to
develop at 4  ̂ C for  48 hours.
Autoradiography
Developed lEP sl ides were washed for 72 hours with several
changes of PBS. A f te r  washing, *"^I-HEA was added to the trough and
allowed to d i f fuse  into  a ge l .  A f ter  incubation at  4"" C for  48 hours,
the slides were washed fo r  72 hours with several changes o f  PBS.
Slides were dried by applying f i l t e r  paper d i r e c t ly  to the gel and 
then stained with a 0.05 percent Azocarmine G acetate buffer  fo r  20 
minutes. Slides were washed twice in a 1 percent g lycer in -2  percent 
glacial  acetic  acid so lu t ion ,  allowed to a i r  dry,  and were placed face
down on Kodak Royal Pan f i lm  (ASA400) for one week. Slides were
removed and the f i lm  was developed at  72'' P for three minutes. The 
resultant autoradiographic patterns were correlated d i re c t ly  with the 
original lEP si ides.
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Mixed Lymphocyte Reaction
Preparation o f  Stimulator Cells
Peripheral lymph nodes were removed from outbred SD ham­
sters and inbred CB hamsters and placed in cold PBBS. Nodes were 
minced with two s t e r i l e  blades and expressed through a stain less steel  
mesh screen. This crude suspension was transferred to a s t e r i l e  tes t  
tube and large clumps of tissue were allowed to s e t t le  out. A f te r  
s e t t l in g ,  the upper 80 percent of the suspension was removed with a 
s t e r i l e  Pasteur p ip e t te ,  transferred to a large centrifuge tube, and 
brought to a to ta l  volume of 50 ml with PBBS. Cells were washed 
twice with PBBS; the f in a l  p e l l e t  was suspended in 1-2 ml of  PBBs.
The two ce l l  suspensions were then i r ra d ia te d  a t  a 15 inch target  
distance via a General E le c t r ic  Maximar X-ray unit  set a t  205 V,
15 mA, with a 1 mm Cu and a 1 mm Al f i l t e r .  The ce l ls  received a 
to ta l  dose o f  2,000 rads. Cells were washed twice in PBBS a f te r  
i r ra d ia t io n  and resuspended in C l ic k 's  Medium (see Appendix A, p. ) 
at a f in a l  concentration of 5 x 10^ v iable  lymph node ce l ls  per ml.
Preparation of Responder Ce l ls
Peripheral lymph nodes were obtained from a normal outbred 
SD hamster and a s in g le -c e l l  preparation was prepared as described 
above. Responder c e l ls  did not receive i r r a d ia t io n .
tur i  n g P u l  s i ng, and Har- 
vesting the Cel Is
Cell suspensions obtained above were cultured in t r i p l i c a t e
in tissue culture  plates (Linbro S c ie n t i f i c ,  In c . ,  Hamden, Connecticut):
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5 X 10^ responder RML hamster c e l ls  alone, 5 x 10^ stimulator CB ham­
ster  c e l ls  alone, 5 x lo^ RML hamster ce l ls  and 5 x 10^ st imulator RML 
hamster c e l l s ,  and 5 x lo^ responder RML hamster ce l ls  and 5 x 10^ 
stimulator CB hamster c e l ls .
Culture plates were placed in a humidified incubator set at  
37*̂  C with a f iv e  percent CO2 atmosphere. Twenty-four hours a f te r  
c u ltur ing ,  20 pi of  heat inactivated PCS were added to each w e l l .  Six­
teen hours pr io r  to each harvest,  the wells were pulsed with 1.0 y 
Ci o f  ^H-thymidine. Cultures were harvested via a m ult ip le  automated 
sample harvester (Otto Ni H e r  Company, Madison, Wisconsin) at  48, 72,
96, and 120 hours. Cells were retained on leukocyte Whatman CF/A 
glass f ib e r  f i l t e r s  placed in m in iv ia ls  (New England Nuclear, Boston, 
Massachusetts) and dried overnight in a 37^ C oven. One ml o f  s c i n t i l ­
lat ion f lu id  (Spectraf i Im ,  Amersham Corporation, Arlington Heights, I I l i  
nois) PPO-POPOP was added to each v i a l ;  the amount of rad io a c t iv i ty  was 
counted in a programmable Beckman s c i n t i l l a t i o n  counter. The degree of  
stimulation was expressed as the net counts or ACPM that were co-cul-  
tured with s t imulator  c e l ls .
Skin Gr a f t in £
Skin g ra f t ing  was performed via a modified technique described 
by Billingham and Medawar (14 ) .  The donor animal was exsanguinated and 
the en t i re  dorsal region was shaved and cleansed with a d is in fec tan t  
soap. A 6 X 4 cm portion o f  the dorsal skin was removed, fastened to a 
styrofoam board epidermus side down, and the niuscularis mucosal layer
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was scraped free with a s t e r i l i z e d  razor blade. The remaining t issue  
was stored in cold PBBS for  fu r th e r  use.
The host animal was anesthetized with 0 .1 -0 .1 5  ml of  sodium 
pentobarbitol and the complete dorsal area was shaved and cleansed 
as described above, A small piece of skin was l i f t e d  v e r t i c a l ly  with 
a pa ir  of  sharp-t ipped forceps so as to form a hood. This area was 
surg ica l ly  removed to form the g ra f t  bed. A section of donor skin was 
trimmed to approximate the g ra f t  bed and sutured into place with 5-0 
Dermalon suture. For control purposes the host SD hamsters usually  
received skin gra f ts  from an inbred SD hamster and an inbred CB ham­
ster .  Skin grafts  were bandaged with s t e r i l e  vaseline gauze which 
was secured by wrapping a small section of c loth sponge around the 
ent ire  animal and taping i t  f i rm ly .  Care was taken to avoid suffocat­
ing the animals.
Skin grafts  were f i r s t  examined on day 5 to confirm vascular­
ization o f  the donor t issue and then examined da i ly  from day 7 un t i l  
the g ra f t  t issue was accepted or re jec ted.  Graft  re ject ion  was 
considered complete when the donor t issue was necrotic and completely 
separated from the g ra f t  bed. The t issue at  th is  time was dry and did 
not display ha ir  growth. Acceptance was defined by the presence of 
healthy donor t issue with ha ir  growth and no signs of necrosis.
I n i t i a l  g ra f t ing  experiments u t i l i z e d  donor skin from outbred 
RML hamsters, inbred CB hamsters, and Lewis rats .  The use of g ra f t  
tissue from an outbred SD hamster served as a technical control  
because this  t issue should be accepted.
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Mitogen Assays
Lymph nodes were removed from SD hamsters and s in g le -ce l l  sus­
pensions were prepared by the procedure described for  the MLR assay.
In th is  case the c e l ls  were adjusted to a f in a l  concentration of  
1 X 10  ̂ v iable  ce l ls /m l in RPMI-1640 t issue culture  medium (see 
Appendix B, p. 84). Two hundred ul of  the ce l l  suspension was added 
to the wells o f  a culture  p la te  in t r i p l i c a t e  along with the appropri­
ate concentration of mitogen. Dose response and k ine t ic  p ro f i le s  were 
obtained by varying the amount of  mitogen and harvesting the ce l ls  at  
d i f fe r e n t  times. The mitogens used were ConA and PHA (T -c e l l  mitogens) 
and LPS (B-ce l l  mitogen).
Twenty-four hours p r io r  to harvesting, the cultures were pulsed 
with 1.0 M Ci of  ^H-thymidine. The cultures were harvested onto leuko­
cyte f i l t e r s  with a MASH un it .  The f i l t e r s  were dried and the amount 
of incorporated ^H-thymidine was determined via a Beckman l iq u id  scin­
t i l l a t i o n  counter. The degree of mitogenic stimulation was expressed 
as ACPM = CPM -  CPM , .  The net CPM were plotted as a functionexp control
of mitogen concentration and as a function of time. The optimal concen­
tra t ion  and time obtained fo r  each mitogen were used in additional  
studies. The mitogen studies described for  the thymectomized hamsters 
u t i l i z e d  C l ic k 's  Medium instead of RPMI-1640. All  of the mitogen 
assays performed in C l ic k 's  Medium u t i l i z e d  the optimal mitogen dose 
and time obtained from the e a r l i e r  studies.
Chapter 3 
RESULTS
Physical Condition and Survival of Syrian 
Hamsters Thymectomized and Sham- 
t hyniectomized at  Bi r t h
Newborn hamsters were thymectomized or sham-thymectomized 
within 12 hours of b i r th .  A f te r  surgery, animals were maintained 
at room temperature or under a heating lamp u n t i l  consciousness was 
restored. A l l  animals regaining consciousness were returned to th e i r  
l i t t e r s  and observed d a i ly  un t i l  weaning. Animals were weaned at  
21 days of  age and segregated by sex. Table 1 contains data repre­
senting the survival of the newborn hamsters a f t e r  surgery. Both the 
thymectomized and sham-thymectomized groups showed s im i la r  survival  
and m o rta l i ty  data.
The percentage o f  surgical deaths for  thymectomized and sham- 
thymectomized hamsters was s im i la r .  Surgical deaths were probably due 
to extreme blood lo ss , heart or lung trauma, and excessive hypothermia. 
Another cause of neonatal m orta l i ty  resulted from maternal cannabalism 
or neglect.  Handling o f  the young would many times cause the mothers 
to cannabalize t h e i r  l i t t e r s .  This problem was fu r ther  compounded by 
the surgical procedure because i t  l e f t  scents of blood and humans on the 
neonates. Approximately 70 percent of the to ta l  number of animals 
operated on were lost  due to maternal neglect or cannabalism.
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Table 1
Survival of Hamsters Thymectomized and Sham-thymectomized at Birth
Surgical No. of Total No. of surgical 
deaths
No. of deaths due No. of animals weaned
treatment l i t te r s neonates to maternal canni­
balism or neglectt
Males Females
Thymectomyt 60 602 62 (10.3%)§ 418 (69.4%) 58 (9.6%) 63 (10.5%)
Sham-thymectomyî 15 151 17 (11.3%) 100 (66,2%) 15 (9,9%) 22 (14.6%)
★
Animals dying during or immediately after surgery ; animals not returned to l i t te rs
^Animals found dead after being returned to l i t te r s  in good health,
^All animals were thymectomized or sham-thymectomized within 24 hours of b irth .
§Percentage of to ta l animals.
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Techniques directed toward a l le v ia t in g  this problem were t r ie d  
with l im ited  success. D is tract ing  the mothers by replacing neonates 
with b i ts  of  food, such as carrots or potatoes, did not work. Remov­
ing a l i t t e r  from a mother un t i l  surgery was completed also had l i t t l e  
success. One technique appeared to work to some degree, although i t  
was by no means absolute: surgery was performed a t  night or on week­
ends when the surgical room was r e la t i v e ly  quiet  and empty. A f te r  the 
mothers had become acclimated to the new room, one h a l f  of  the l i t t e r s  
were removed for  surgery. These animals were swabbed down a f te r  surgery 
with 70 percent EtOH and returned to t h e i r  l i t t e r s .  The remaining 
one h a l f  of the l i t t e r s  were then removed fo r  surgery. This, when done 
under the quiet  conditions, appeared to have some degree of success.
At weaning, approximately 20 percent of  the l i t t e r s  were a l iv e  
and healthy. The weanlings were segregated, comparably based on sex. 
There was equal survival a t  day 21 fo r  thyrnectomized and sham- 
thymectomized animals.
Groups o f  thymectomized and sham-thyrnectomized animals were 
observed a f t e r  weaning fo r  the onset of  wasting disease; they were 
weighed a t  30-day in te rv a ls .  Wasting disease is a condition that  
develops in many s tra ins  of mice and rats a f te r  neonatal thymectomy.
Wasting is characterized by weight loss, ru f f le d  fu r ,  an unkempt
appearance, p e r io rb i ta l  edema, and early  m o r ta l i ty .  Wasting does not 
develop in thymectomized germ-free mice. This indicates that wasting 
may be caused by an e t io lo g ic a l  agent. Thymectomy apparently renders 
animals more susceptible to in fec t ion  with th is  agent or agents.
An eas i ly  measured parameter of  wasting syndrome was body weight
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loss. Wasting disease was associated with less than normal weight 
gain in thymectomized, wasted mice. Figure 2 shows the body weights 
of groups o f  thymectomized, sham-thymectomized, and normal SD hamsters 
at various in te rva ls  a f t e r  b i r th .  Normal, unoperated animals tended to 
have s l ig h t ly  higher mean body weights although the dif ference was not 
very s ig n i f ic a n t .  Mean body weights o f  thymectomized and sham- 
thymectomized animals were not s ig n i f ic a n t ly  d i f f e r e n t .  S l ig h t ly  
higher mean body weights o f  unoperated animals suggested that surgery 
had a minimal e f fe c t .
C l in ica l  signs of wasting disease were ra re ly  observed. 
Thymectomized animals generally  appeared to be healthy; however, a s ig ­
n i f ic a n t  number o f  thymectomized hamsters died before 90 days of  age. 
This is i l l u s t r a t e d  in Figure 2. Numbers above the standard 
deviation bars represent the number of animals weighed on the days 
indicated. Between day 30 and day 60, approximately 20 percent of the 
neonatally thymectomized hamsters died; there was no comparable mor­
t a l i t y  rate  in the sham-thymectomized animals. Between day 60 and day 
90, another 36 percent of  the thyrnectomized animals died. Although 
there were no c l in ic a l  signs of wasting or i l l  health,  thymectomy appar­
ently had some deleterious e f fe c t  on young adult  hamsters. A fter  day 
90, the m orta l i ty  rate  in th is  group leveled o f f  and no additional mor­
t a l i t y  was seen. The absence of a severe c l in ic a l  wasting syndrome 
might indicate tha t  the neonatal ly  thyrnectomized animals s t i l l  possessed 
some level o f  T -c e l l  immunity; however, the most T -d e f ic ie n t  animals 
may have died before a c l in ic a l  wasting developed. Early m orta l i ty  
thyrnectomized hamsters may have eventually  showed signs of wasting had
Figure 2. E f fect  of Thymectomy on the Body Weight 
and Survival o f  Young Adult Syrian Hamsters
Each point represents the geometic mean 
body weight calculated from the experimental groups 
l i s te d .  The bars represent the standard deviation  
from the geometric mean. The numbers above the bars 
represent the number of  animals used for  that point.
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they l ived  longer.  Nude mice were usually maintained in dust-free  
cages with a n t ib io t ic  or acid water.  These procedures extended the 
l i f e  span of these athymic animals.
Chjiracteri^ation of  M itogenic Responses in the 
Lymph Node C e l ls f r om Syrian  Hamsters
Peripheral lymph nodes from 60- to 90-day-old normal SD 
hamsters were removed, pooled, and made into a s in g le -c e l l  suspension 
as described in Chapter 2. Cells were u t i l i z e d  in mitogen assays 
in order to determine the optimal dose and time for  mitogenic stimu­
la t io n .
Response to ConA
Some 2 x IQ^ viable  lymph node ce l ls  were added in t r i p l i c a t e  
to the wells of a culture  p la te  along with concentrations of  ConA:
0 .5 ,  1 .0 ,  and 2.0  pg. Cells were pulsed, harvested, and an amount 
of mitogenic st imulat ion was determined fo r  the three concentrations 
at 72 hours. Figure 3 shows the degree o f  st imulation as a function 
of mitogen concentration. This f igure  also i l lu s t r a t e s  that 1.0 pg 
of ConA in the culture  medium provides optimal st imulation at 72 hours. 
Figure 4 shows the k in e t ic  response of  lymph node ce l ls  to 1.0 pg of  
ConA at 48, 72, 96, and 120 nours. There was, however, a s ig n i f ic a n t  
response at 48 hours. The degree of  st imulation steadily  increased to 
an optimum a t  96 hours. At 120 hours the response decreased approxi­
mately 25 percent compared to the 96-hour response.
Figure 3. Dose Response o f  Hamsters Lymph Node Ce l ls
to Varying Concentrations o f  ConA
Each point represents the mean CPM calculated  
from t r i p l i c a t e  cu ltures .  The bars represent the range 
obrained from the above data.
Figure 4. Kinetic Response of Hamster Lymph Node Cells
to 1.0 pg of ConA
The points and bars are i l l u s t r a t e d  as in Fig­
ure 3.
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Response to PHA-P
Lymph node c e l ls  were stimulated with 10, 50, and 100 pg of  
PHA-P and harvested a t  72 hours. The amount o f  mitogenic stimula­
t ion was determined and p lotted as a function of mitogen concentration.  
Figure 5 shows tha t  50 pg of PHA-P provided optimal stimulation at  72 
hours. This concentration was employed in a k in e t ic  study to deter­
mine the optimal time o f  the response. Figure 6 shows that  the 
mitogenic response to 50 pg of  PHA-P was maximal a t  96 hours. The 72- 
and 120-hour responses,although s ig n i f ic a n t ,  were approximately 30 
percent lower than the 96-hour response.
Response to IPS
Suspensions of lymph node c e l ls  were cultured with 0 .1 ,  1 .0 ,
5 .0 ,  and 10.0 pg of IPS. The ce l ls  were harvested at  72 hours. The 
dose response graph is shown in Figure 7. Peak responses were obtained 
with f iv e  and 10 pg of  IPS. Because o f  the toxic  nature of LPS, f iv e  pg 
were used in fu r th e r  k in e t ic  studies. The k inet ics  of the LPS response 
are shown in Figure 8. The 72- and 96-hour responses were comparable 
in magnitude with the 96-hour response being s l ig h t ly  greater.  Like 
the ConA and PHA responses, the LPS response also declined on day 5.
Characte r i z a t i on of  I n  V i v o  and I n  V i t r o  
CeTl-mediated I mmune Responses in 
Normal SD Syrian Hamsters
Response to Foreign Skin 
Grafts
The c a p a b i l i ty  of  normal outbred SD hamsters to re je c t  skin 
gra f ts  was determined by using donor skin from Lewis rats (xenograft)
Figure 5. Dose Response of  Hamster Lymph Node C el ls
to Varying Concentrations o f  PHA-P
The points and bars are i l l u s t r a t e d  as in 
Figure 3.
Figure 6. Kinetic Response of Hamster Lymph Node Cells
to 5.0 pg of  PHA-P
The points and bars are i l l u s t r a t e d  as in Fig­
ure 3.
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Figure 7. Dose Response o f  Hamster Lymph Node Cel ls
to Varying Concentrations o f  LPS
The points.and bars are i l lu s t r a t e d  as in 
Figure 3.
Figure 8. Kinetic Response of  Hamster Lymph Node Cells
to 5.0 pg of LPS
The points and bars are i l l u s t r a t e d  as in Fig­
ure 3.
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and SD hamsters ( is o g ra f t ) .  The animals (4) received grafts of rat  
and hamster tissue. The results are presented in Table 2. The xeno­
grafts and the isografts were in good condition through days 6 and 7.
The grafts were vascularized and v is ib le  signs of necrosis were not 
evident although, by day 10, the xenografts were rejected. They 
were severely necrotic and completely separated from the graft  beds.
There was no evidence of hair  growth and the tissue had hardened and 
lost i ts  f l e x i b i l i t y .  The isografts ,  on the other hand, showed no 
signs of necrosis on day 10, had some hair growth, and were conflu­
ent with the surrounding tissue.
Isografts served as a technical,  surgical control in this  
experiment. Although the SO hamsters were outbred, they apparently 
did not d i f f e r  in the ir  histocompatabi1i t y  antigens and they were 
capable of accepting reciprocal grafts.  Technical graft  rejections  
can be caused by infection of the graft  beds, poor graft ing techniques, 
and physical manipulation of  the graft  tissue by the animals. In this 
experiment the rejection of xenogeneic tissue was primarily  due to an 
immunological reaction that was presumably triggered by xenogeneic- 
reactive T-ce l ls .
Mi )^d Lymphocyte ^eactjon
The mixed lymphocyte reaction was an i n  v i t r o  technique developed 
to assess the degree of histocompatability between two individuals.  
Irradiated lymph node ce l ls  from a CB inbred hamster and an outbred 
SD hamster were used as stimulator ce l ls .  Lymph node cells  from a 
normal outbred SD hamster served as responder ce l ls .  The results are
Table 2
Skin Graft Response in Normal Syrian Hamsters
Animal Skin graft  received Condition of skin graft
Day 3 Day 4 Day 6 Day 7 Day 10 Day 14
19
Normal outbred hamster 0* 0 0 0 0 At
Lewis rat 0 0 i t 1 2§ 2
Normal outbred hamster 0 0 0 0 0 A
Lewis ra t 0 0 1 1 2 2
Normal outbred hamster 0 0 0 0 0 A
3d
Lewis rat 0 0 1 1 2 2
Normal outbred hamster 0 0 0 0 0 A
4d
Lewis rat 0 0 1 1 2 2
0 =  
h  = 
*1 = 
§2  =
no v is ib le  signs of rejection.
skin graft  accepted past 14 days.
minimal necrosis of tissue; not a def in ite  rejection
severe necrosis of tissue; def in ite  rejection.
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shown in Figure 9. At 48 hours there was a minimal response s l ig h t ly  
above background leve ls .  At 72 hours, CB-stimulated c e l ls  had begun 
to show a s ig n i f ic a n t  p r o l i f e r a t iv e  response which continued l in e a r ly  
u n t i l  i t  reached an optimum at  96 hours. The p r o l i f e r a t iv e  response 
of the normal SD-stimulated c e l ls  remained at  background levels for  
96 hours although the 120-hour response of th is  cu lture  increased to 
a reasonably s ig n i f ic a n t  le v e l .  This delayed response was possibly 
due to the presence of  minor histocompatabil ity  differences among the 
SD outbred hamsters. These minor determinants apparently did not play 
a major role  in g ra f t  re ject ions because the outbred SD hamsters read­
i l y  accepted the reciprocal grafts  (Table 2 ) .  The p r o l i f e r a t iv e  response 
in the CB-stimulated cultures was quite  s ig n i f ic a n t  and consistent with  
published data that  a major histocompatabi l i ty  d i f ference  existed  
between inbred CB hamsters and outbred SD hamsters.
I r ra d ia ted  s t im ulator  c e l ls  cultured alone showed no incorpor­
ation o f  t r i t i a t e d  thymidine, therefore  the p r o l i f e r a t iv e  response of  
the ce l l  mixture was due to the incorporation of label by the 
responder ce l l  populations.
Character ization of the Immune Response yn 
Thyme ct omi zed __H a ms t e r s :__Ex périment 1
Anti-HEA Response
Hejiiagglutination. Age and sex-matched groups of neonatally  
thymectomized, sham-thyrnectomized, ATxIR, and normal outbred SD ham­
sters were immunized with HEA in CFA. Seria l  plasma bleeds were ob­
tained on days 0,  14, 21, and 28 and assayed for  HEA spec if ic
Figure 9. Mixed Lymphocyte Reaction
Kinetics of  p r o l i f e r a t i v e  
response between histoinconipatible  
SD responder and CB st im ulator  ham­
ster  lymph node c e l ls .  The points 
and bars are i l lu s t r a t e d  as in Fig­
ure 3.
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agg lut inat ing  antibodies. The hemagglutination data are represented 
in Figure 10.
Normal hamsters had a good anti-HEA response that reached a 
peak t i t e r  of  approximately 12 (log?) at day 21. The anti-HEA response 
o f  sham-thyniectomized hamsters was comparable to the response observed 
in normal animals. The response in sham-thymectomized animals peaked 
at day 21 with a mean t i t e r  o f  about 10. Thyrnectomized animals were 
divided into two groups based on t h e i r  anti-HEA response. One group, 
thymectomized responder hamsters, showed a s ig n i f ic a n t  anti-HEA 
response. Optimum t i t e r s  obtained in the thyrnectomized responder group 
were s l ig h t ly  less than the t i t e r s  seen in normal and sham-thymectomized 
animals. Thymectomized responder animals represented 20 percent of  the 
thyrnectomized animals used in th is  experiment.
The other group, thymectomized nonresponders, had no detect ­
able AB response. The anti-HEA t i t e r s  for  th is  group remained con­
stant at  about 1.5 ( log?) throughout the experiment. This background 
HA t i t e r  might be due to the presence of  natural antibodies or non­
specif ic  agg lut inat ion  o f  the HEA-SRBC conjugates. ATxIR hamsters also 
showed no detectable Ab response against HEA.
Ig j: lass spec i f ic  anti-HEA response. Sera used in determin­
ing the hemagglutination t i t e r s  were analyzed using 1ER autoradiography 
(RIEP) as described in Chapter 2. This technique was more sensit ive  
than hemagglutination and, although i t  was not a q u ant i ta t ive  technique, 
i t  id e n t i f ie d  the I g class o f  antibodies produced in response to the 
antigen. Figures 11 and 12 show representat ive  lEP patterns and the
Figure 10. Kinetics of  the Antibody Response of  
Thymectomized, Sham-thymectomized, and Normal 
Hamsters to 5 .0  pg of HEA-CFA
Each point represents the geometric mean 
t i t e r  ca lculated from the t i t e r s  o f  the in d iv id ­
ual experimental animals. The bars represent the 
standard deviat ion from the mean. The numbers 
above the bars ind icate  the number o f  animals in 
each experimental group.
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Figure 11. Iniinunoelectiophoresis Pattern (Top) 
and Corresponding Autoradiograph
(Below) o f Hamster Serum Obtained 21 Days 
A fte r Inoculation with 5 pg HEA in CFA
The top well contains serum from a 
sham-thymectomized hamster and the bottom well 
contains serum from a neonatally thymectomized 
animal.
Figure 12. Inimunoelectiophoresis Pattern (Top) 
and Corresponding ^"'’ I-HEA Autoradiograph 
(Below) o f Hamster Serum Obtained 21 Days 
A fte r Inoculation w ith 5 jjg HEA in CAF
The top well contains serum from an 
ATxIR hamster and the bottom well contains serum 
from a normal hamster.
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corresponding autoradiographic pr in ts  using antisera from HEA- 
sensit ized thymectomized and normal hamsters.
Figure 11 shows the RIEP patterns from a neonatally thymecto­
mized (bottom w e l l )  and a sham-thymectomized (top w e l l )  hamster.
Gamma globulins migrated toward the cathode and are v is ib le  as the 
p re c ip i t in  l ines at the l e f t  end of the 1ER pattern.  D irec t ly  below 
the 1ER pattern is the corresponding autoradiographic p r in t .  Sera 
in the bottom well bound the rad ioact ive  antigen and two p re c ip i t in  
l ines are evident.  The p r e c ip i t in  l in e  closest to the cathode corres­
ponds to the IgG? class; the adjacent,  fas te r  p re c ip i t in  l ine  represents 
the IgGi class. Thus the sham-thymectomized hamster e l i c i t e d  both an 
IgGi and an IgG?-specific  anti-HEA response. Sera from the thymectomized 
animal showed no antigen-binding and, thus, no detectable antibody 
response against HEA.
Figure 12 is another RIEP pattern .  Serum in the bottom well 
is from a normal SD hamster whereas serum in the top well is from an 
ATxIR animal. The RIEP pattern revealed IgGj and IgG? anti-HEA in 
immunized normal sera whereas ATxIR animals showed no detectable Ag 
binding.
Sera from a l l  the experimental animals were assayed for the I g 
class containing anti-HEA a c t i v i t y .  Table 3 is a summary of the day 28 
anti-HEA response which shows that  normal and sham-thymectomized 
hamsters produced IgG, and IgG? antibodies in response to HEA. Similar  
results were found with thymectomized responder animals; however, thy­
mectomized nonresponder and ATxIR animals had no detectable Ag binding. 
The RIEP data corre la ted  d i r e c t l y  with the hemagglutination data. All
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Table 3
Ig Class S p e c i f ic i ty  of  Anti-HEA Response in 
Thymectomized and Normal Syrian Hamsters:
Day 28
Treatment* IgGi IgG? IgM
Normals 8 /8 t  8 /8  0 /8
Sham-thyrnectomized 11/11 11/11 0/11
Thyrnectomized responders 3/3 3 /3  0 /3
Thymectomized nonresponders 0/12 0/12 0/12
ATxIR 0/2  0/2 0/2
*
All  animals were operated on with in  12 hours of b i r th .  
^Number of animals responding/number of animals tested.
sera with the HEA-agglutinating antibodies had IgG, and IgG? anti-HEA as 
detected by RIEP. Conversely, sera without agglut inat ing antibodies  
did not bind ^^^I-HEA.
A l lograft  Response
Experimental animals used in the previous study were grafted  
with skin from a CB inbred hamster in order to assess the cell -mediated  
immune response. Grafts were observed fo r  a three-week period. The 
condition of the grafted t issue was closely  recorded. Table 4 summarizes 
the results obtained from the a l l o g r a f t  response.
Sham-thymectomized hamsters rejected the CB g ra f t  with a mean 
survival time (MSI) o f  10.3  ̂ 1.5 days. Neonatally thyrnectomized ham­
sters rejected t h e i r  CB gra f ts  in 13.5 ' 2.4 days. The thymectomized
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Table 4
A llograf t  Response in Thyrnectomized, Sham- 
thymectomi zed, and ATxIR Syrian Hamsters
Treatment No. of grafts accepted/ Mean survival time
no. of animals tested ± S.D. (days),
Sham-thymectomized 0/6 10.3 ± 1.5 (9-12)
Thymectomized 0/11 13.5 ± 2.4 (11-16)
ATxIR 3/3 > 21
group included HEA thymectomized responders (8) and thymectomized non­
responders (3) animals. There was no s ign if icant  dif ference between 
the MST values obtained for  these two groups.
The dif ference between the MST of sham-thymectomized and non- 
thymectomized hamsters was not s ign i f ican t .  Although the MST for thy­
mectomized hamsters was s l ig h t ly  higher than the MST for  sham-thymec- 
tomized animals, the standard deviations and ranges overlapped. ATxIR 
hamsters, however, did not re jec t  th e i r  skin grafts;  the grafts  
appeared healthy and in good condition three weeks a f te r  the grafts had 
been introduced.
These experiments showed that neonatally thymectomized hamsters 
were capable of re ject ing a l lo g ra f ts .  This response was absent in ATxIR 
animals.
Mitogen Response
Mitogen assays for the aforementioned experimental animals were set 
up but, due to contamination of the culture medium, no data were obtained.
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Characterization of  the Immune Response in 
Thymectomi zed Hamsters : Experiment  2
The experiments described in Experiment 1 were repeated on 
four normal, four sham-thymectomized, and six  neonatally thymectomized 
hamsters.
Anti-HEA Response
The animals were immunized with HEA in CFA and the immune sera 
were assayed fo r  the presence of anti-HEA antibodies. The Anti-HEA 
response of  these animals 21 days a f te r  immunization is summarized in 
Table 5. Normals and sham-thymectomized animals demonstrated high 
t i t e r s  o f  anti-HEA antibody. Thymectomized animals were segregated 
into two groups: four responders and two nonresponders as observed
in Experiment 1. Thymectomized responder animals demonstrated a 
normal anti-HEA response while the response of the thymectomized 
nonresponder animals did not increase above background le ve ls .  Data 
obtained from RIEP corre la ted with  the hemagglutination data. This 
is also summarized in Table 5.
A1 logra f t  Resp o n ^
The animals described above were tested for  an a l lo g r a f t  response 
with CB hamster sk in ,  the results  of  which are summarized in Table 5. 
Sham-thymectomi zed and thymectomized responder animals rejected th e i r  
skin grafts in comparable time although the thymectomized nonresponder 
animals accepted t h e i r  skin gra f ts  fo r  greater  than 21 days. There­
fore, in th is  experiment thymectomized nonresponder animals accepted 
a l logra f ts .  This re s u l t  d i f f e r e d  from the f i r s t  experiment in which 
thymectomized nonresponder animals re jected a l lo g r a f ts .
Table 5
Anti-HEA and A llogra ft Responses in Thymectomized and Normal Syrian Hamsters
Treatment No. of
animals
tested
Anti-HEA 
Mean HA t i t e r  
± S.O. (logz)
response:
IgGi
day 21 
igGz IgM
Allograft rejection 
MST ± S.D. (days)
Normals 4 10.0 ± 4.0 4/4* 4/4 0/4 N.D.f
Sham-thymectomi zed 4 8.0 ± 1.4 4/4 4/4 0/4 13.8 ± 1.5 (13-16)
Thymectomized responders 4 9.3 ± 4.6 4/4 4/4 0/4 13.7 ± 2.1 (12-16)
Thymectomized nonresponders 2 1.5 ± 0.7 0/2 0/2 0/2 CB allografts^ 
accepted
Number of animals responding/number of animals tested. 
^Not determined.
^Greater than 21 days.
< T i
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Mitogen Response
Table 6 shows the ConA, PHA, and IPS responses of  lymph node 
c e l ls  from the animals described in the previous experiment. Normal, 
sham-thymectomized, and thymectomized responder animals a l l  demon­
strated a normal T -c e l l  response to ConA. Although thymectomized 
nonresponder animals accepted a l lo g ra f ts  and f a i l e d  to make anti-HEA 
Abs, one animal demonstrated a normal ConA response while the second 
animal demonstrated a s l ig h t ly  diminished response. S im ilar  results
Table 6
Mitogenic Responses in Normal, Thymectomized, and 
Sham-thymectomized Syrian Hamsters
Treatment   Response to mitogens
72 hours CPM x 10̂
Bkgd* ConAt PHAJ LPS§
Normal
1 6 510 328 68
Sham-thymectomi zed
1 3 578 538 25
2 2 655 380 151
Thymectomized responders
1 6 640 532 100
2 18 605 476 190
3 2 666 550 19
Thymectomized nonresponders
1 1 158 102 53
2 1 530 274 44
★
CPM without mitogens. 
^Concanavalin A = 1 ug/ml. 
^Phytohemagglutinin = 50 ]jg/ml.
g
Lipopolysaccharide = 5 ng/ml.
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were obtained with PHA,
Recent f indings by Blasecki indicated that the ConA and PHA 
react ive  c e l ls  in hamsters were thymus derived (1 8 ) ,  therefore the 
e l i c i t a t i o n  o f  a ConA and PHA p r o l i f e r a t iv e  response in the thymec­
tomi zed nonresponder animals suggested that  T -c e l ls  or mitogen reac­
t iv e  T -c e l l  precursors are present in these animals. These mitogen 
react ive  ce l ls  are not, however, capable o f  functioning as helper  
ce l ls  in an anti-HEA response.
Chapter 4 
DISCUSSION
Removal o f  the thymus short ly  a f t e r  b i r th  resulted in impaired 
immunological responses in mice, r a ts ,  and rabbits (1 ,  47, 57-59, 65,
68, 70).  The reported immunological def ic iencies  a ffected the humoral 
Ab and the cel l -mediated immune responses. The e f fec ts  associated with  
neonatal thymectomy have been a t t r ib u te d  to a depletion of mature, 
functional T - c e l ls .  Studies dealing with the ro le  of the thymus in 
Syrian hamsters have y ie lded inconsistent and co n f l ic t in g  data (87, 90, 
91).  The results  obtained in the present study c le a r ly  demonstrated the 
requirement fo r  thymus-derived lymphocytes in an anti-HEA Ab response; 
however, neonatal thymectomy did not appear to produce as severe an 
e f fe c t  on the a l lo g r a f t  response. ATxIR animals demonstrated an absence 
of an anti-HEA response and an a l l o g r a f t  response. These findings in d i ­
cated that neonatal thymectomy results  in only a p a r t i a l ,  and possibly 
a s e lec t ive ,  depletion of  functional T -c e l ls .
Absence of Wasting Disea^e in Neonatal l y  
thymectomi zed Hamsters
In the present study, neonatally  thymectomized hamsters did not 
develop post-thymectomy wasting disease. Although approximately 50 
percent of the neonatal ly  thymectomized and 20 percent of the sham-thy­
mectomized hamsters died w ith in  three months a f t e r  weaning, signs of  
wasting were not evident p r io r  to or a t  the time of death. Thymectomy
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apparently resulted in the early  m orta l i ty  of these animals. I t  is  
conceivable tha t  these animals may have died before c l in ic a l  signs of  
wasting developed. They may have been the most T-depleted of  the thy­
mectomi zed hamsters and, thus, died e a r ly .  These f indings were in 
sharp contrast to Sherman's description of a severe wasting disease 
following thymectomy in hamsters (89) .  The discrepancy between these 
findings was not e a s i ly  resolved (other authors had not observed wast­
ing in thymectomized hamsters [4 3 ,8 7 ] ) .  Sherman's f inding remains an 
isolated observation tha t  has not been confirmed.
R e la t iv e ly  l i t t l e  is known about wasting disease. Because neo­
natal ly  thymectomized germ-free mice did not develop th is  condit ion, i t  
was believed to be caused by an infect ious agent (74, 77). Wasting may 
be an in d ire c t  resu l t  of  thymectomy due to a r e la t iv e  state  of immuno­
logical incompetence. Thymectomy can c u r ta i l  the development of an 
immune response in the host, thus permitt ing the establishment of in fe c ­
tious agents.
The absence o f  recognizable wasting disease in thymectomized 
hamsters indicated that  some degree of T -c e l l  immunity was s t i l l  pres­
ent in these animals. When nonwasted thymectomized rats were tested 
for  a DTH response, the animals were separable into two groups: respond-
ers and nonresponders (2 7 ) .  The presence of responder and nonresponder 
groups of thymectomized animals was s im i la r  to the results obtained 
from the thymectomized hamsters when tested at the Ab lev e l .
Anti-HEA Response in Thymectomized Hamsters
Although thymectomized hamsters did not develop wasting disease.
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they demonstrated a severe deficiency in the production of Abs against  
HEA. HEA-CFA was an excel lent  antigen in normal hamsters. I t  e l i c i t e d  
the simultaneous production of  IgGi and IgG? Abs (27) .  Neonatal thymec­
tomy resulted in the abrogation of a detectable anti-HEA response.
Studies in other animals have revealed a T -ce l l  requirement fo r  
Ab production against complex protein antigens (2 ,  19, 80) .  The a n t i ­
body responses to BSA, HSA, and HEA (serum albumins) were shown to de­
crease a f te r  neonatal thymectomy (2 ,  3, 19, 80) .  The present study 
showed that  T -ce l ls  are required for  an anti-HEA response in hamsters.
Both the IgGi and IgGz anti-HEA Abs were absent a f te r  immuni­
zation o f  thymectomized hamsters. In mice and ra ts ,  the IgGi class 
demonstrated a greater  T -ce l l  dependency than other I g classes.
Torr ig ian i  (104) and Arnason (3) reported that  the antibody responses 
to HSA and HEA, respect ive ly ,  were predominantly IgGi. The T -ce l l  
requirement fo r  these IgGi responses was demonstrated a f t e r  neonatal 
thymectomy resulted in a severe reduction in the IgGi Abs. The r e la ­
t iv e  T-dependence o f  IgGi and IgG^ in hamsters was not evaluated in 
this study due to the complete absence of anti-HEA Ab in each I g class.  
Perhaps a d i f f e r e n t  s e n s i t iza t io n  procedure (varying amounts of HEA, 
d i f fe re n t  route of  in je c t io n ,  d i f f e r e n t  Ag) could have assessed any 
differences in the T-dependency of the hamster IgG, and IgG? Ab 
classes.
Studies by Coe et  a l .  (27,  88) have revealed an in terest ing  
phenomena with respect to the anti-HEA response in hamsters. Hamsters 
immunized with HEA-CFA e l i c i t e d  an IgGi and IgG? specif ic  response where­
as those inoculated with the antigen without CFA produced only IgGi
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Abs. Repeated immunizations f a i le d  to e l i c i t  an IgG? response. Fur­
thermore, when these same animals were challenged with HEA-CFA, they 
demonstrated an anamnestic IgG] response while an IgG? response was not 
detectable.  The IgGz class of Igs had been made to le ran t  to HEA. This 
s p l i t  tolerance phenomena implied that  a complex network of ce l ls  might 
be regulat ing the Ab response against HEA. A reasonable hypothesis 
would predic t  that  this response was under T -ce l l  regulat ion; however, 
the addit ional  regulatory ro le  of macrophages or B-cells  could not be 
ruled out. The observation of  s p l i t  tolerance and the results of the 
present study suggested that  the anti-HEA response in hamsters was under 
T-ce l l  regulat ion .
Not a l l  o f  the thymectomized hamsters demonstrated absent a n t i -  
HEA responses a f t e r  immunization. Approximately 20 percent of the thy­
mectomized hamsters demonstrated s ig n i f ic a n t  anti-HEA responses. Appar­
ently  these thymectomized responder animals possessed helper T -ce l ls  
that  could function in an Ab response. Such T -c e l ls  might ar ise  from 
incomplete thymectomy or from seeding of functional T -ce l ls  pr ior  to 
thymectomy.
Although thymectomized responder animals e l i c i t e d  anti-HEA Abs 
a f te r  immunization, the k ine t ics  of th is  response was much slower com­
pared to normal animals. This indicated that a p a r t ia l  depletion of  
T-cel ls  may have been achieved. The response plateaued on day 21; i t  
did not reach the same optimum t i t e r s  seen in normal and sham-thymec­
tomized animals. One explanation could be that a l imited number of  
helper T -c e l ls  were present in these animals and that this resulted  
in the slower Ab k ine t ics  observed.
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The absence of an anti-HEA response in thymectomized hamsters 
suggested tha t  the spec i f ic  helper T -c e l ls  involved in th is  response 
were depleted. Although d i re c t  evidence fo r  T -ce l l  subpopulations was 
lacking in hamsters, the absence o f  a T-dependent Ab response suggested 
that  a hamster's equivalent Ly 1^ helper T -ce l l  (see Figure 1, p. 19) 
was removed by thymectomy. The progenitors of Ly 1^ helper c e l ls  in 
mice were the Ly 123* a m p l i f ie r  c e l l s .  These were especia l ly  suscep­
t i b l e  to the e f fec ts  of  thymectomy (54) .  The T -ce l l  deficiency observed 
in thymectomized hamsters might be a t t r ib u te d  to the removal of  the 
hamster equivalent of the Ly 123* precursor c e l ls .
I f  a small number o f  the Ly 123* c e l ls  were to seed the p e r i ­
pheral lymphoid tissues p r io r  to thymectomy, an animal would s t i l l  
possess a source of  functional T -c e l ls .  The thymus of hamsters was 
lymphoidal by the th i r te e n th  day o f  gestation and the lymph nodes and 
spleen were lymphoidal a t  b i r th  (93 ) ,  therefore some degree of thymic 
seeding may have occurred p r io r  to b i r th .  There was the p o s s ib i l i ty  
that neonatal thymectomy, no matter how ear ly  i t  was performed, would 
not res u l t  in an absolute depletion of functional T -c e l ls .
A l lo g ra f t  Response in Thymectomized Hamsters
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Despite the apparent absence of helper T -ce l ls  in neonatally
thymectomized hamsters, demonstrable DTH reactions were observed 
against an al logeneic t issue g r a f t .  The capacity to re jec t  foreign  
tissue has long been considered a T-dependent phenomena (46) .  (Exper­
imental manipulations with a l lo r e a c t iv e  Abs have resulted in T-inde-  
pendent g ra f t  re ject ions  known as white g r a f t s . )
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Hamsters were somewhat unique in that  the immune response to 
alloantigens could be measured by g ra f t  re je c t io n ,  MLR, and GVHR in 
the consistent absence of  c i rc u la t in g  Abs. This would e l iminate  the 
p o s s ib i l i t y  tha t  an Ab-dependent g ra f t  re jec t ion  was responsible for  
the thymectomized animals' capacity to r e je c t  skin g ra f ts .  Graft  
re je c t io n  observed in these hamsters must therefore be a t t r ib u te d  to 
a l lo r e a c t iv e  T -c e l ls .
In contrast to the neonatally thymectomized hamsters, AtxIR 
hamsters f a i l e d  to re je c t  skin g ra f ts .  The absence of  an a l lo g r a f t  
response indicated tha t  a greater degree of  T -ce l l  depletion was 
achieved in these animals. I t  is conceivable that  ATxIR hamsters 
would be more representat ive of  the nude mouse model. These ham­
sters were thymectomized as young adults and subjected to le thal  
i r r a d ia t io n .  The dosage destroyed the bone marrow and a great major­
i t y  of  the blood-born c e l ls  ( including T- and B -c e l ls ) .  The i r r a d ­
iated animals were repopulated with syngeneic bone marrow c e l ls  that  
reconstituted the destroyed marrow and served as a source of p lu r i -  
potential  stem c e l ls .  These stem ce l ls  could migrate to d i f f e r e n t  
hematopoietic microenvironments (the thymus, bursa-mammalian equivalent)  
and mature into B -c e l ls ,  T - c e l l s ,  macrophages, and erythrocytes, 
eventually repopulating the e n t i re  lymphatic and c ircu la to ry  systems.
In the absence of the thymus, however, d i f f e r e n t ia t io n  of stem ce l ls  
into post-thymic precursor c e l ls  would be prevented. These animals 
should th e o re t ic a l ly  be completely void of T -ce l ls  and, therefore ,  
they should not demonstrate c lass ica l  T-dependent immune reactions.
This was corroborated by the present f indings.
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Possi b l e Models of  Functional T -ce l l  
Development in Hamsters
The varying degree o f  immunological defects observed a f te r  neo­
natal thymectomy in hamsters suggested two possible explanations for  
these resu l ts :  (1)  a qu ant i ta t iv e  model fo r  T -ce l l  development and
(2) a q u a l i t a t iv e  or temporal model fo r  T -ce l l  development. The 
q u a n t i ta t iv e  model of T -ce l l  development suggested that funct iona l ly  
heterogeneous T -c e l l  populations were continuously seeded from the 
thymus. A c r i t i c a l  number o f  c e l ls  would be required in order to 
detect a p a r t ic u la r  immune response: Ab production, skin g ra f t  re je c ­
t io n ,  mitogen responsiveness. Some assays (Ab production) might have 
required more T -c e l ls  than an assay such as g ra f t  re je c t io n .  Perhaps 
the d if ference in these assays represents var ia t ions in the immuno­
genic! ty of  the a n t ig e n - - th a t  a large amount of a potent immunogen 
(skin g r a f t )  would require fewer T -c e l ls  than a small amount of  a weaker 
immunogen (HEA).
Mice studies have shown that  approximately 60 percent of a l l  
T-ce l ls  possessed a l l o r e a c t i v i t y  whereas a minor proportion of the T- 
cells  were responsive to soluble antigens (36) .  I f  these data were 
valid in hamsters, any treatment resu l t ing  in an overall  depletion of  
T-cel ls  would have had a more profound e f fe c t  on the HEA response than 
on the a l lo g r a f t  response.
A small percentage (10 percent) of  neonatally thymectomized 
hamsters demonstrated impaired humoral Ab and a l lo g r a f t  responses. In 
l ine with the q u a n t i ta t iv e  model, these animals would have been more 
depleted of T - c e l ls ,  One would expect these animals to demonstrate
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lower levels  of  T -c e l l  mitogen responsiveness, but near normal ConA and 
PHA r e a c t i v i t y  was observed. One explanation might be that  seeded, 
u n d i f fe ren t ia ted  T -c e l l  precursors not detectable by Ab or skin g ra f t  
assays were capable o f  responding to ConA or PHA. On the other hand, 
the mitogen response might represent the most sensit ive T -ce l l  assay 
( i . e . ,  100 percent of  the T -c e l ls  could respond to mitogens, 50 percent 
of the T -c e l ls  could respond to a l lo g r a f t s ,  10 percent of  the T -ce l ls  
were detected with a spec if ic  Ab response [hypothetical percentages]).  
Studies using l im i t in g  d i lu t io n  analysis and reconst i tu t ion  of  AtxIR 
hamsters would help to solve th is  dilemma.
An a l te r n a t iv e  hypothesis would be that  the anti-HEA and a l l o ­
g ra f t  responses represented q u a l i t a t i v e ly  d i f f e r e n t  immune responses. 
This model suggested that  immunological functions developed at  a 
precise time, and would be dependent on the functional nature of  
the T -c e l ls  present.
Data obtained in th is  study allowed for  the construction of a 
theoret ical sequence o f  T -c e l l  functions during the development of the 
immune system. Three groups o f  animals emerged based on observed 
immunological c a p a b i l i t ie s  (Table 7):  (1) sham-thymectomized and
thymectomized responder animals demonstrated mitogen responsiveness, 
capacity to re je c t  an a l l o g r a f t ,  and an anti-HEA Ab response, (2) 
thymectomized nonresponder hamsters did not produce Ab against HEA, 
but they were capable of  re je c t in g  a l lo g ra f ts  and responding to ConA 
and PHA, and (3) thymectomized nonresponder, nonrejector hamsters 
fa i led  to produce Ab to HEA; they were incapable of re jec t ing  an a l l o ­
gra f t .  These animals demonstrated near normal ConA and PHA responsive­
ness.
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Table 7
C la s s i f ic a t io n  of  Thymectomized Syrian Hamsters
Ef fec t
observed
Treatment Anti-HEA
response
A l lo g ra f t
re ject ion
Mitogen
response
None Sham-thymectomi zed + + +
Nonthymectomi zed + + +
Moderate Nonthymectomized 0 + +
Severe Nonthymectomi zed 0 + +
AtxIR 0 0 N.D.
ATxIR hamsters were also c la s s i f ie d  as nonresponders, nonjector  
animals. The mitogen responsiveness of  these animals was not deter­
mined. The ATx IR hamsters conceivably represented the most T-depleted 
models in th is  study. One could predic t  reduced levels of ConA and 
PHA r e a c t iv i t y .  I f  bone marrow c e l ls  could respond to ConA or PHA, 
these animals would demonstrate mitogen r e a c t iv i t y .  Hart e t  a l .  (51) 
reported th a t ,  although hamster thymocytes responded to ConA and PHA, 
bone marrow ce l ls  were re f rac tory  to these T -c e l l  specif ic  mitogens 
(18) .  This f inding implied that  residence in the thymus was necessary 
for the development of  ConA and PHA r e a c t iv i t y .  The presence of  a s ig ­
n i f ic a n t  mitogen response in thymectomized hamsters indicated that  
some degree of  thymic seeding had probably occurred.
All  o f  the experimental groups l i s te d  in Table 7 demonstrated 
mitogen responsiveness when tested with ConA or PHA. This suggested 
that mitogen r e a c t i v i t y  might be one o f  the f i r s t  propert ies to appear 
during the development of  T -c e l l s .  These mitogen-reactive ce l ls  were
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the e a r l i e s t  to seed the peripheral tissues and, thus, they were most 
r e s is ta n t  to the e f fe c ts  of  neonatal thymectomy.
The none and moderate groups demonstrated skin g r a f t  responses. 
This suggested tha t  a l lo r e a c t iv e  c e l ls  developed l a t e r  than mitogen- 
reac t ive  c e l l s .  Only 10 percent of  a l l  the neonata l ly  thymectomized 
animals tested demonstrated an abrogated a l l o g r a f t  response. The r e l ­
a t iv e  degree o f  d i f f i c u l t y  in producing a nonrejector animal implied  
tha t  a l lo r e a c t iv e  T -c e l ls  were seeded a t  an e a r ly  time. Solomon dem­
onstrated th a t  thymocytes obtained from newborn hamsters were capable 
o f  responding in an MLR (9 3 ) .
The r e l a t i v e  ease observed in abrogating an anti-HEA response 
implied that  helper T -c e l ls  developed a t  a l a t e r  time than the mitogen- 
responsive and a l lo r e a c t iv e  T - c e l l s .  Two th irds  of  the neonatally  thy­
mectomized animals demonstrated no detectable  anti-HEA Abs. Because 
these animals a l l  possessed mitogen-react ive  c e l l s ,  i t  appeared that  
they were incapable o f  d i f f e r e n t i a t i n g  in to  T-helper  c e l l s .  This 
maturational step might have required the d i r e c t  presence of  the thymus 
or a thymic hormone. Stutman has shown tha t  the d i f f e r e n t i a t io n  of  PTP 
c e l ls  into functional T -c e l ls  required the presence o f  a thymic hormone 
(97) .  I f  th is  hormone appeared l a t e r  than b i r t h ,  a l l  of the immune 
functions requir ing  th is  hormone would be absent u n t i l  the thymic fac to r  
was released. I t  is obvious tha t  removal of  the thymus would remove 
the source o f  PTP c e l ls  and the thymic hormone, thereby preventing the 
fur ther  maturation o f  these c e l l s .  Some PTP c e l ls  may have remained 
"frozen" a t  an immature stage. This would explain why thymectomized ham­
sters revealed varing degrees of immunological responsiveness.
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The thymus in hamsters plays a v i t a l  ro le  in ea r ly  l i f e  in 
regard to the production and seeding o f  PTP c e l l s .  These c e l ls  popu­
la ted  the per ipheral  tissues and, under a hormonal inf luence from the 
thymus, matured into  immunologically a c t iv e  T - c e l l s .
Conclu s i ons
The present study has demonstrated tha t  hamsters were capable 
o f  e l i c i t i n g  many o f  the immunological responses (helper function in 
Ab production, a l l o g r a f t  and xenograft r e je c t io n ,  MLR, and mitogen respon 
siveness) tha t  have been a t t r ib u te d  to functional  T -c e l ls  in mice. Neo­
natal thymectomy and adu lt  thymectomy followed by i r r a d ia t io n  and bone 
marrow repopulation were shown to res u l t  in impaired anti-HEA and skin 
a l l o g r a f t  responses. Neonatal thymectomy resulted in varying degrees 
of immunological impairment w ith  the anti-HEA response being pr im ar i ly  
a f fec ted .  A m ajo r i ty  Ab-nonresponder animals demonstrated normal 
a l l o g r a f t ,  ConA, and PHA responses.
These f indings ind ica te  th a t  neonatal thymectomy in Syrian 
hamsters does not r e s u l t  in an absolute deplet ion o f  T - c e l ls .  Seed­
ing of  T -c e l ls  must there fo re  occur before or short ly  a f t e r  b i r th  in 
hamsters. Consistently  e a r ly  thymectomy might help to a l l e v ia t e  the 
heterogeneous e f fe c ts  o f  thymectomy seen in the present study.
In the present study a s ig n i f i c a n t  proportion of thymectomized 
hamsters died a f t e r  weaning and p r io r  to 90 days of age. Sham- 
thymectomized hamsters did not show th is  e a r ly  m o r ta l i ty .  Therefore,  
i t  might be necessary to maintain a l l  thymectomized animals in somewhat 
more germ-free condit ions.  Acid or a n t i b i o t i c  water and the use of
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d u s t - f re e  cages placed in a quarantined room might prolong the l ives  
of  thymectomized animals.
I t  would have been of  in te re s t  to study more ATxIR animals since 
these animals appear to be more T -c e l l  depleted. These animals could 
also serve as models fo r  reco n s t i tu t io n  experiments involving  
f ra c t io n a ted  T - c e l l s .  Fractionat ion  could be achieved on nylon wool 
columns or density gradients .  Analysis o f  T -c e l ls  in th is  manner 
could contr ibute  to the knowledge o f  the T -c e l l  system in Syrian 
hamsters.
Summary
The present study has revealed the fol lowing about the 
immune response o f  Syrian hamsters:
1. Hamsters were capable of  e l i c i t i n g  both an IgGi and IgGz
spe c i f ic  Ab response against  HEA, a T-dependent Ag.
2. Hamsters were capable o f  r e je c t in g  both a l lo g r a f ts  and xeno­
grafts  in a period of  from 9-12 days.
3. Hamster lymph node c e l ls  e l i c i t e d  a p r o l i f e r a t i v e  response 
when stimulated by the murine T - c e l l  spe c i f ic  mitogens, ConA, and PHA.
4. Hamster lymph node c e l ls  were capable of  e l i c i t i n g  an MLR.
5. Neonatal thymectomy on hamsters had the fol lowing e f fe c ts :
a. Severe impairment o f  the IgG^ and IgG2 anti-HEA response.
b. Minimal impairment o f  the a l l o g r a f t  response.
c. No impairment o f  the ConA or  PHA responses.
6. ATxIR on hamsters produced the fo l low ing e f fe c ts :
a. Severe impairment o f  the IgGi and IgG2 anti-HEA response.
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b. Severe impairment of  the a l l o g r a f t  response.
c. E f fe c t  on mitogen responses not determined.
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A ls erv e r 's  So lu t ion— 1 l i t e r
NaCl 4 .20 gm.
Sodium C i t r a t e  9.12 gm.
-Bring to 900 ml with d i s t i l l e d  water 
-Adjust  pH to 6.1 with 10 percent c i t r i c  acid  
-Autoclave fo r  15 minutes
-When cool,  add 30 ml o f  s t e r i l e  20.5 percent glucose solution
Buffer  A--used in HEA s e n s i t iz a t io n  o f  SRBCs
21.5 ml M/15 NazHPO^
4.9  ml M/15 KHzPO^
C l ic k 's  Medium
___________ Stock ingred ient__________  Stock/100 ml C l ick 's
S t e r i l e  d i s t i l l e d  HzO 
Hank's balanced s a l t  solut ion ( lOx)
MEM essent ia l  amino acids (50x)
MEM nonessential amino acids (lOOx)
Nucleic acid precursors (lOOx)
MEM vitamins (lOOx)
Sodium pyruvate (100 niM)
L-glutamine (200 mM)
NaOH (2N)
P e n ic i l1 in-streptomycin (lOOx)
2-Mercaptoethanol (0.1 M)
Sodium bicarbonate (7 .5  percent)
Phosphate Buffered Balanced S a l t  (PBBS)--5 l i t e r s
KH2PO4 1.00 gm.
HazHPO  ̂ 5.75 gm.
CaCla 0 .70 gm.
KCl 1.60 gm.
NaCl 36.00 gm.
MgCl2*6H;0 1.00 gm.
MgS04' 7Hy0 1.00 gm.
Phenol Red (1 percent stock) 5 m.
Glucose 5.00 gm.
-pH to 7.3 and s t e r i l z e  by pressure f i l t r a t i o n
71.5 ml
10,0 ml
5.0 ml
4 .0 ml
2.5 ml
2.0 ml
2.5 ml
2.0 ml
0.5 ml
1.0 ml
0.04 ml
1.8 ml
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Phosphate Buffered Saline (PBS)--1 l i t e r
NazHPOt» 6.818 gm.
KH2PO4 2 .540 gm.
MaCl 4.240 gm.
-pH to 7 .2  and autoclave
A P P E N D I X
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Radiolabel led ^^^I-HEA and Rabbit anti-Whole Hamster Sera were 
g r a t e f u l l y  supplied by Dr. J.  E. Coe o f  the Rocky Mountain Laboratory.
Concanavalin A, 1ipopolysaccharide. C l ic k 's  medium, and RPMI- 
1640 medium were g r a t e f u l l y  supplied by Dr. K. B. Von Eschen of  the 
Rocky Mountain Laboratory.
